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Blazing the Trail to Quality 


4 ~ ; sare 


Only Mother Nature herself can create feeding quality in 
hay. Ever since the first balers back in 1910, Case has worked 
continually on practical machines and methods to capture and 
keep the goodness of hay as it grows in the meadow. All that 
agricultural science has learned about vitamins, minerals, and 
the time when protein reaches its peak, plays its part in the Case 


“HOW TO MAKE HIGH-PROTEIN HAY” 


System of Making Hay. is one of the Case educational book- 
. - lets on advanced farm practices. Most 

Thus the Case Side-Delivery Rake, brought out when “ted- Of the subjects fe i have 16 mm. 
ding” was still done, turned directly away from that destructive movies in full color and sound. Films 
practice. The Case rake made it possible to handle hay gently, are freely loaned, printed items free- 


‘ : : Sees ly furnished; send now for full list. 
to build high, fluffy windrows with leaves largely inside, shel- J. I. Case Co., Racine, Wis. 


tered from bleaching sun. It was the fast, work-saving way to 
Air-Conditioned Hay. The Case slow-geared, four-bar tractor 
rake of today does all this at modern rubber-tired speeds. 


To get hay with all its leaves and quality from windrow to 
manger was another problem. Years of research and expe-ience 
with big pick-up balers brought forth the Case Slicer-Baler. 
Slicing instead of stomping and folding saves leaves both in 
the field and in the manger or feed-lot. It is so simple that boys 
can operate it, so low in cost that most any farmer can own it, 
so swift that baling follows promptly in step with tractor- 
powered mowing and raking. 
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The New Massey-Harris Self Propelled 
Corn Picker uses Link-Belt Silverlink 
Roller Chains, which contribute materi- 
ally to its light draft and assure positive 
power transmission. 
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LINK-BELT Satlates 
— MASSEY-HARRIS! 


A century of service to agriculture, marked by continuous 
advance in design and manufacturing methods, has made the 
i name Massey-Harris well and favorably known throughout 
the world. 


To the chorus of congratulations that arises from the entire 

' industry, Link-Belt is proud to add this expression of sincere 
~~ admiration for the many individual achievements, and par- 
ticularly for the sustained policy of building high value into 
every Massey-Harris product. For over 60 years, Massey- 
Harris machines have employed genuine Link-Belt malleable 

- iron and steel chains for the important functions of power 
transmission, conveying and elevating. Link-Belt screw con- 
veyor is also used on the Massey-Harris Clipper Combine. 


LINK-BELT COMPANY 


i Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5 
ies Son Seonslate 24, Los Angeles 33, Seattle 4, Toronto 8. i 
Offices in Principal Cities. 10,621 
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Renaissance in China 


GRICULTURAL engineering’s significance on a na- 

t tional scale seems due for demonstration and clarifica- 
fion in some of the current experiments in national devel- 
apne. a ‘ ; 

We are thinking particularly of China, as one of the 
several old civilizations, rich in undeveloped agricultural 
and mineral resources, in which world trade and the educa- 
tion of a comparatively small number of leaders has 
stir ulated the urge for a renaissance. 

\s we understand the basic conditions involved in 
the static nature of some civilizations, physical and human 
forces have combined to balance the masses of popula- 
tion it a subsistence level of productivity and existence. 
Temporary gains in productivity, due to temporarily favor- 
able conditions, have not been applied toward perman- 
ent!; increasing man’s productive capacity because of a 
lack of incentive, means, know-how, or philosophy of 
production. ; : 

Considerable hope is now being placed on the thesis 
that outside influences can be introduced into the cycle 
sufficient to disturb the balance for the better; to start 
a cumulative, expanding cycle of productivity above the 
subsistence level. Influential leaders have arrived at the 
philosophy that their _ can reach higher levels of 
material well-being and security only by productivity above 
current consumption, converted into tools of production, and 
applied to further increase productive capacity. 

Increased efficiency in food production has been ac- 
cepted as one logical starting point. Until thousands of 
individual families can easily produce enough food for 
themselves and for a few others, little time of few people 
can be devoted to other industries and services; to the de- 
velopment, production, and direction of additional high- 
efficiency production equipment; to training and work in 
the trades and professions by which productive efficiency 
and the physical means of living at higher levels of ma- 
terial welfare may be increased. 

Agricultural engineering has been accepted as one of 
several important factors in accomplishing this initial and 
snowballing increase in efficiency of food production. 
Results of the parallel introduction and demonstration of 
improved hand tools, two-animal equipment, small tractor 
equipment, medium tractor equipment, and large tractor 
units should prove highly interesting. The greater potential 
efficiency of the larger units may be evident in China as 
elsewhere. Still, the lesser difficulty of getting improved 
hand tools into the hands of millions and into effective 
use by them may make hand tools temporarily the most 
important equipment aids in initiating increased efficiency 
in Chinese agriculture. In fact, a few million good hoes 
quick might get at the root of the problem in some other 
areas of food shortages and political tension. 

Dr. J. B. Davidson and his co-workers and sponsors, 
along with other American and Chinese agricultural en- 
gineers who have worked or will work along the same 
lines. are to be congratulated on their opporiunity to 
take an important part in initiating a renaissance in the 
vital and enduring civilization of China. There are bound 
to be major difficulties, disappointments, and setbacks, but 
we are confident that under their leadership this develop- 
men: will not be delayed by any lack of application of 
the agricultural engineering means at their disposal. 

What would the Chinese do with increased material 
Welfare? Would it be for their own good? Would it 


EDITORIAL 


help their civilization to survive for another five or ten 
thousand years? Anywhere in this world, material prosperity 
of large numbers is a comparatively new influence on the 
evolution of individuals and civilizations. 


Engineering Factors in Farm Costs 


RECENT trend in current farm work simplification 

—— has been called to our attention. It is a trend 
toward greater recognition of the opportunities to increase 
the effectiveness of farm labor by improved and increased 
use of power and special equipment. It provides occasion 
to re-emphasize the engineering in farm production opera- 
tions. 

New principles of engineering are not the primary re- 
quirement. The general quantitative relationships between 
time, mechanical power, hand labor, motions, space, invest- 
ment cost, operating cost, output, unit costs, and similar 
items, as well worked out in industrial and farm manage- 
ment, have been commonly known to agricultural engineers, 
and supported by them in principle. The physical differ- 
ences between farm operations and those in manufacturing 
and other highly engineered production industries, and 
their influence on the application of production engineering 
principles in agriculture, have been analyzed and under- 
stood by agricultural engineers perhaps as well as by any 
group. Agricultural engineers with the manufacturers and 
in public service have, in fact, given farmers some fairly 
accurate and useful rule-of-thumb guides to the selection, 
combination, and application of equipment and practices to 
increase over-all production efficiency. 

But we have passed the stage in which rule-of-thumb 
guides will suffice. There is visible opportunity to improve 
economy by refinement in applications comparable in degree 
to the 0.001-inch and smaller tolerances in the fit of vari- 
ous farm equipment parts and the minute control of pro- 
portions in the metallurgy of materials for farm equipment 
construction. 

There may be few farm operations in which control 
within a small fraction of an inch is significant, but there 
are numerous instances in which a small fraction of a cent 
is significant in the cost of producing a unit of quantity 
and quality value in farm products. 

Appreciation of use requirements, machine capacities, 
operating losses, operating safety, maintenance, deprecia- 
tion, obsolescence, and similar factors places agricultural 
engineers technically in a key position to help farmers get 
maximum use value out of the quality and capacity being 
built into farm operating equipment. It remains for agri- 
cultural engineers to balance their development of farm op- 
erating capital equipment with a corresponding engineering 
development of its application methods and use economics. 


Machine Sheds 


| Geamepey are appreciating more and more the limita- 
tions of the blue sky canopy as a storage for farm equip- 
ment. A recent survey in 47 agricultural counties of one 
north central state indicates that farmers there intend to 
build more machine sheds than any other type of building. 
The preference is almost double that for any other one 
type of building. 

Apparently the urging by both farm machinery and 
structures men through the years has been bolstered by re- 
cent object lessons in depreciation and maintenance at a 
time when it was difficult for farmers to replace, or repair, 
or do without some of the rusted relics in their barnyards. 
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The Land Plane has jumped the mountains 


and come to Kansas! 


This native of California, developed to 
finish-level land with an accuracy un- 
equalled by other types of leveling ma- 
chines, is finding big and profitable jobs to 


do far beyond its home grounds. 


And when it gets to its new location, the 
Land Plane finds itself hitched to the same 
power that helps it succeed so well for 
Pacific Coast owners: A “Caterpillar” Diesel 


Tractor. 


The Diesel D8 shown belongs to Overton 
and Vesper, Jetmore, Kansas. It is pulling 
a 12’x 60’ plane on a U. S. Soil Conserva- 


tion Service project. (Similar outfits are 
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busy in Texas, Colorado, 


KANSAS 


Nebraska, Missouri and 


other midwestern states. ) 


When the outfit completes this job, the field 
will be planed to a non-erosive level. No 
high spots to impede water flow. No low 
spots to make puddles. Water use will be 
more efficient. Land productivity and value 


will be greatly increased. 


That’s the way with ideas and equipment. 
Neither mental nor geographical barriers 
can quarantine their application—if their 
use is advantageous in other areas. That 
principle applies, with special significance, 
to “Caterpillar” Diesel Tractors, as well as 


to such tools as the Land Plane! 
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Hydraulic Control for Trailing Implements 
By E. W. Tanquary 


MEMBER A.S.A.E, 


-4HE application of hydraulic control to farm implements 
is familiar to agricultural engineers and some very good 
papers have been presented on the subject. I refer par- 

ticularly to the papers, entitled “Hydraulic Controls for Farm 
Imp ements,” by K. W. Anderson, and “Trends in Power Con- 
trols for Farm Machines,” by W. A. Harper, both of which 
wer. published in AGRICULTURAL ENGINEERING for August, '46. 

Mr. Harper discussed the proposed standardization of hy- 
dravlic cylinders for trailing implements which has been under- 
taken by the Advisory Engineering Committee of the Farm 
Equipment Institute. The value of such a standard to the 
farever and to the agricultural industry as a whole is readily 
apparent, but two points that should not be overlooked are 
(1) the necessity of providing a safe and properly engineered 
application to the implement and (2) the importance to the 
farmer of furnishing cylinders for each model tractor of a 
diameter consistent with the capacity of the hydraulic system 
used with that tractor to operate at a satisfactory speed any 
make or model of trailing implement that may be used with a 
tractor of that drawbar horsepower rating. 

I have been assigned to report on the progress made by 
the Advisory Engineering Committee on the development of 
the proposed standard, and it is not the intention to repeat 
any of the information presented in the papers just referred 
to, other than to review briefly the proposed standard and 
outline some of the problems encountered. 

There are, however, two general types of hydraulic sys- 
tems which must be considered in setting up the standard. The 
selective type, which produces a full cycle lift or lowering of 
the implement with each movement of the control lever and 
requires adjusting levers to provide graduated adjustment, is 
the system now in more general use. This system requires 
stops or limit control either on the cylinder or on implement 
to limit the range of movement to the desired operating depth. 

Precision control which accomplishes a similar lift but 
with the position of the operat- 
ing lever determining the rela- 
tive position of the implement, 
while a more recent develop- 
ment, must also be taken into 
consideration. Stops or means 


This paper was presented at the 
fall meeting of the American Society 
of Agricultural Engineers at Chi- 
cago, Ill, December, 1946, as a 
contribution of the Power and Ma- 
chinery Division. 

Lk. W. Tangquary is chairman, 
Advisory Engineering Committee, 
Farm Equipment Institute. 
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of limiting operating depth are not required either on the operat- 
ing ram or implement when a precision control system is used; 
but since the hydraulic cylinders are usually built into the 
tractor to operate an integral rockshaft for mounted imple- 
ments, the maximum force available for transmission to trail- 
ing implements is that available at the arc transcribed by the 
rockshaft arm. Direction of application to the trailing imple- 
ment is therefore important to insure that the greater force 
applied by the piston side of the cylinder to the rockshaft 
is made available to the greatest effort required to operate the 
implement. 

In establishing the proposed standard the Committee de- 
termined that the problem should be broken down into sec- 
tions: (1) for tractors under 35 dhp (drawbar horsepower ) 
which includes tricycle-type and wheel-type tractors and im- 
plements for general farm use, and (2) a separate standard 
for tractors over 35 dhp which includes track-type and the 
larger wheel-type tractors and larger farm implements, in- 
cluding special tools such as scrapers, subsoilers, and blade 
levelers, more commonly used on the West Coast. 

Reviewing briefly, the proposed standard for tractors under 
35 dhp is as follows: 

Double-acting cylinders, 8-in stroke 

Cylinder length between pin centers, 2014 in retracted, 
2814, in extended 

Yoke-type connections for each end of cylinder 

One-inch diameter attaching pins 

Cylinder located a maximum of 5 ft from the A.S.A.E. 
drawbar hitch point. 

Lifting time, 11/4 to 2 sec 

Clearance area on implements to clear largest cylinder 

Some of the items included in the standard, such as length 
of stroke and necessity for double-acting cylinders, have been 
developed and established to the approval of the Committee, 
but other points are still under investigation to determine the 
most satisfactory solution in 
consideration of application to 
the various types of imple- 
ments. 

Some of the problems en- 
countered thus far are as fol- 
lows: 

Lifting Requirements. The 
table of lifting requirements for 
various sizes and types of im- 
plements, presented by Mr. 
Harper and listed in AGricuL- 
TURAL ENGINEERING for August, 
1946, was compiled from the 
best information obtainable 
from implement engineers at the 
time the Committee established 
the proposed standard. A great 
deal of effort has been expend- 
ed in checking this data and 
additional information will be 
required before this table is 
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Adaptation of hydraulic control to a semimounted power mower 
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finalized. Progress is necessarily slow since engineering de- 
velopment of hydraulic systems for the various implements, as 
well as field testing, is involved; but the value of this informa- 
tion as a basis for tractor manufacturers to compute cylinder 
and pump capacities is recognized and the work of checking 
this table of lifting requirements will be continued. 


Stops for Selective-T ype Systems. The question of whether 
stops or limit control should be provided on the cylinder or 
on the implement has an important bearing on the eventual 
standard, since if one manufacturer provides the stops on the 
implement and not on the cylinder and another manufacturer 
provides stops on the cylinder but not on the implement, the 
tools without stops, if used with a cylinder without stops, 
would have no means of limiting the operating depth. 


During the early development there was a preference by 
some engineers for stops on the implement, applied with a 
hand-adjusting screw which provided a finer and more con- 
venient adjustment of the implement. Other engineers, who 
we must admit had more actual field experience, were using 
stops on the cylinder to avoid duplication on two or three 
pieces of equipment that might be purchased by one farmer. 
Due to direct application of the force against the stop on the 
cylinder, stops that will stand up under the maximum piston 
force can be applied to better advantage on the cylinder than 
on the implement. 

The various types of implements are now being studied by 
the Committee to determine the most satisfactory application 
for stops, considering field operation as well as mechanical 


2 Hay Baler 

3 Corn Picker 
4 Power Mower 
S Combine 


10 Plow - Disk 


! U 


1 Ensilage Harvester 


6 Disk Harrow - Single Action 
7 Disk Harrow - Double Action 
8 Disk Harrow - Offset 

9 Plow-Moldboard 


11 Disk Tiller (No point shown- Pipe connection) 
| 12 Tool Bar Lister or Cultivator 
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construction. Present indications are that stops will be pro. 
vided on the hydraulic control or cylinder and not on the 
implement. 

Direction of Application. After location of the stops has 
been determined, the direction of application to the cylinder 
on the implement should be established. With the selec ive. 
type of system it is desirable to mount the cylinder so tha: the 
maximum piston force may be applied directly to the hea ‘iest 
load. Thus, on a moldboard plow it would be desirab‘e to 
mount the cylinder to push so as to avoid the loss of effe tive 
area from the piston rod. 

With the precision control system, employing built-in cyl- 
inders and rockshaft, the cylinders are located to exert ‘heir 
maximum force forward to lift mounted implements. A» pli- 
cation of this type of system to trailing implements ca be 
accomplished by means of master and slave cylinders or fush- 
pull cables direct to the rockshaft on the tractor and to the 
lift arm on the implement. It is apparent that with this type 
of application the maximum force available for transmission 
to the implement is that available from the rockshaft, and it 
is therefore necessary to employ the push-pull cable or slave 
cylinder to pull the greatest load, or in the instance cited, to 
pull for raising the plow. 

There are other advantages of pulling to operate the great- 
est load. Buckling or weaving of the piston rod and subse- 
quent wear on the bearing for the rod in the end of the 
cylinder can be eliminated and transfer of movement to the 
rear of the implements, such as disk plows, is simplified. The 
most direct application of the lifting force for moldboard 


13 Lister Planter 

4 Listed Corn Cultivator 

1S Grain Drill 

16 Spring Tooth Field Cultivator (Light) 


17 Chisel Type Field Cultivator (Heavy) 
18 Potato Planter 


19 Potato Digger 
20 Land Leveler 
21 Squadron Hitched Spring Tooth Harrow 


BD Centroid based on number of Different Implement 
®Centroid based on, Annual Production Volume 
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INCHES TO THE REAR OF TRACTOR DRAWBAR HITCH HOLE 


Fig. 1 Remote cylinder front hinge pin located on trailing implements—horizontal plane 
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plows and similar implements is to pull the arm, forcing a 
cranked axle down for lifting. 

Yet, if we are to complete the objective of interchange- 
ability, it is necessary to apply the maximum cylinder force in 
{ the same direction on all makes of implements of each type. 
' This may be accomplished by using the cylinder as a pull type 
for the greatest load and increasing the cylinder diameter to 
eye compensate for the loss of the piston rod area or by using a 
ees reverse connection to the implement. Increasing cylinder diam- 
eter is not favored due to the added cost and greater lifting 
time required for the larger cylinder to function. This phase 


in cyl- \ eee eee of the problem is now being studied by the Committee. 
t their — Hose Length. The subject of hose length has also been 
Appli- carefully studied as it has an important bearing on our ability 
can be to provide complete interchangeability and on the convenience 
 push- to the farmer when changing the cylinder from one implement 
to the FF . to another. Hydraulic hose, particularly double or twin types 
is type Be / required for double-acting cylinders, is expensive and there is 
nission | some loss of efficiency when a longer hose is used. Pipes or 
and it | supplemental hose length could be used to permit locating the 
r slave Be \ cylinder at the most advantageous point for lifting each type 
ted, to of implement, but this would involve disconnecting the cyl- 
inder, connecting the regular hose to the pipe or supplemental 

 great- GROUND length, and then reattaching the cylinder, resulting in a plumb- 
subse- ; : ing job inconvenient for the farmer and definitely objection- 
of the FF Fig. 3 A.S.A.E. standard hitch point location able to the tractor engineer due to the dirt or foreign material 
to the likely to be introduced into the system each time the hose line 
1. The is broken. The detrimental effect of foreign material in a 
dboard 

1 Ensilage Harvester 13 Lister Planter 

2 Hay Baler 14 Listed Corn Cultivator 

3 Corn Picker 15 Grain Drill 

4 Power Mower 16 Spring Tooth Field Cultivator (Light) 

5 Combine 17 Chisel Type Field Cultivator (Heavy) 

6 Disk Harrow - Single Action 18 Potato Planter 

7 Disk Harrow - Double Action 19 Potato Digger 

8 Disk Harrow - Offset 20 Land Leveler 

9 Plow -Moldboard 21 Squadron Hitched Spring Tooth Harrow 

4 “0 — + Centroid based on number of different Implements 


12. Tool Bar Lister or Cultivator 


®Centroid based on Annual Production Volume ? 
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Fig. 2 Remote cylinder front hinge pin located on trailing implements—vertical plane 
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hydraulic system in impaired operation and shorter life of the 
pump is recognized, and the Committee has attempted to es- 
tablish a hose length that will eliminate disconnecting the 
cylinder and the use of the supplemental hose. 


Charts have been prepared by one company showing the 
desirable location of the cylinder on various types of imple- 
ments. The exact location may not apply for all makes of 
implements, but the charts do illustrate the study made and 
other makes of implements will generally follow in the same 
pattern. Fig. 1 illustrates cylinder application in the hori- 
zontal plane. It will be noted that dimensions given, both fore 
and aft and lateral, are taken from the A.S.A.E. drawbar 
hitch point (Fig. 3). Hose length forward from the drawbar 
hitch point will vary with each model tractor, depending on 
the location of the hose outlet from the hydraulic system. 


A mounting point 20in from the drawbar hitch point 
would be suitable for implements with key numbers 1, 3, 6, 
7, and 14 which, by referring to Fig. 1, includes ensilage har- 
vesters, corn pickers, single and double-action disk harrows, 
and lister cultivators. Suitable location for the cylinder or 
other types of implements is indicated by the various key 
numbers and centroids established on the basis of the number 
of different implements and on the basis of annual produc- 
tion volume of the implements listed. 


Fig. 2 illustrates cylinder application in the vertical plane 
with range of movement required for raising and lowering the 
implement. A variation of from 10 to 50 in above the ground 
line and a range of movement up to 17 in is indicated. Suffi- 
cient hose to allow for this range of movement and for short- 
ening of the hose when operating over uneven ground and 
when turning must be allowed. 

The radii showing implements that can be accommodated 
with hose of different lengths apply to the particular model 
tractor illustrated, after allowing for a 30deg tilt for the 
front of the tractor when going over a knoll and the addi- 
tional hose required from the drawbar hitch point to the trac- 
tor hydraulic system. 


While a shorter hose would serve many implements, it is 
apparent from the chart that at least 52 in is required for the 
most popular implement (No. 9), a moldboard plow. Some 
additional length is required for action of a cushion spring 
hitch and operation over uneven ground. Results of this study 
led the Committee to establish the hose length to the follow- 
ing specifications: 

Tractor manufacturers will provide sufficient length of 
hose so that the cylinder is operable when the front hinge 


PoTaTO AND SUGAR BEET HARVESTING MACHINE 


These two views are of a new German potato and sugar beet harvesting machine developed by Hans Sack, a member of A.S.A.E. In tests made 
on it last fall, it picked up one ton of potatoes in seven minutes and loaded them into the wagon shown, which stood at the end of the field 
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pin is located at a maximum of 60in spherical radius 
whose center is the standard A.S.A.E. hitch point. 


The implement manufacturer must locate the cylinder 
on his implement to provide allowances for cushion spring 
hitches, maneuverability, and turning so that the imple. 
ment may be operated safely without stretching or b:eak- 
ing the hose under any circumstances. 


Tractors Over 35 dhp. Application of hydraulic cyli: ders 
to subsoilers, scrapers, and similar tools in more commo: use 
on the West Coast has progressed further than applicatioys to 
general farm implements, and there are a number of cylis ders 
and implements already in production on which there « xists 
considerable variation, particularly on length of stroke and 
location of the cylinder on the implement. 

There is not a great deal of information available at this 
time in regard to lifting requirements, although it is app. rent 
strokes longer than 8 in will be required, and one company 
has proposed a cylinder with 12-in stroke. 

It may be necessary to provide cylinders with even linger 
stroke in order to accomplish the work effort required to lift 
some types of implements, and in other cases—an offset disk 
harrow, for example —to obtain the required action of the 
implement. There is, however, an advantage in adopting a 
shorter stroke, such as 12 in, if the desired action can be ob- 
tained, since operators of this specialized equipment will! also 
want to use farm tools such as deep tillage plows and disk 
harrows with the same tractor and cylinder, and implement 
engineers would prefer to establish two mounting positions so 
that these larger implements can be used with tractors just 
under or over the 35 dhp division point. 

Recognizing these problems, the Committee has appointed 
implement engineers from International Harvester, John Deere, 
and Allis-Chalmers West Coast plants to serve on the Com- 
mittee and to develop their recommendations for a standard 
for tractors over 35 dhp. 


When this portion of the program is more clearly defined 
the recommendation of the joint committee will be presented 
for consideration. 


It is apparent that a great deal of time and effort has been 
expended in the progress thus far, and while additional work 
remains and progress is necessarily slow due to mechanical 
problems and to the range and variety of equipment involved, 
as well as the actual development and field testing required, 
I am confident the Committee’s objectives can and will be 
reached. 
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Supplemental Heat in Barn Hay Curing 


By P. T. Montfort 


MEMBER A.S.A.E. 


was first expressed by farmers in the southern part of the 

state, along the coast of the Gulf of Mexico. While soil 
and climate in this area are unusually favorable for the pro- 
duction of hay crops, it is almost impossible to harvest hay of 
high quality. Losses during the curing period are so great that 
all but a few of the more hardy individuals have discontinued 
hay production. Farmers in this region report that they nor- 
mally expect total losses of 50 to 75 per cent with alfalfa and 
othe: legume crops due to rain and high humidity during the 
curiry period. The hay that is saved is usually of inferior 
grace. Even the coarser hays, such as sudan and sargo, fre- 
quer ly rot in the field before they are sufficiently cured to be 
placed safely in storage. 

ue to limited personnel, most of the investigational work 
in barn hay curing in Texas has been in the field with farm- 
ers who have requested assistance in designing, installing, and 
operating the equipment. This report, therefore, is based upon 
field observation of equipment operating under actual farm 
conditions, rather than carefully controlled laboratory experi- 
ments. The conclusions are based upon records collected from 
six installations during the past three years. 

The first request for assistance in building and operating 
a barn hay-curing system was received in 1944. The decision 
to use supplemental heat was based on the following factors: 

| A careful study of weather conditions at three of our 
branch agricultural experiment stations in the area verified 
the general knowledge of unfavorable weather conditions for 
hay curing. 

2 A number of farmers in the area had natural gas on the 
farm and butane was readily available at a reasonable price. 
Simple, inexpensive burners for these fuels were available 
locally. 

3 Some experience had already been gained with air heat- 
ing equipment in grain drying. 

There are several distinct advantages in the use of heated 
air in the farm hay-curing system, as follows: 

| A better quality of hay with higher protein and vitamin 


[oss in farm-size hay curing equipment in Texas 


This paper was presented at the 3rd Barn Hay-Curing Conference 
sponsored by the American Society of Agricultural Engineers, at Chi- 
cago, Ill., December, 1946. 

P. T. MONTFORT is research associate in agricultural engineering, 
A. and M. College of Texas. 


content is produced because of (a) shorter precuring period 
in the field—less exposure to sun and rain, and (b) shorter 
curing time — smaller losses of protein and vitamin during 
curing 

2 The capacity of the drier is increased because (a) sev- 
eral batches of hay can be dried during one cutting, and (b) 
depth of hay on the drier can be increased (for similar initial 
moisture content ) 

3 Hay can be dried regardless of weather conditions 

4 Drier can be used effectively 24 hours per day 

5 Equipment can be adapted to drying other crops, such 
as small grain, threshed milo, clover seed, corn, rice, and 
peanuts. 

There are also several disadvantages to using supple- 
mental heat in the hay curing system. The more important 
of these are (1) fire hazards, (2) higher first cost of equip- 
ment, and (3) higher cost of operation. 

The fans are all of the multivane or centrifugal type. Four 
are forward-curve, double-inlet and two are back-curve, single 
inlet. 

The six driers are located on the ground floor. The floor 
areas vary in size from 600 to 1500 sqft. The widths vary 
from 12 to 20 ft, and the lengths from 40 to 100 ft. All of the 
air distribution systems are of the Tennessee type with the 
main header along one side. In three of the driers, the main 
header is divided at the center with provision for alternate 
blowing in each end of the system. The main headers in three 
of the systems are of concrete and located below the ground 
level with openings in the top to the laterals. The first of 
these underground headers was of uniform depth with the 
width tapered from the fan to the outer end. The later ones 
have a uniform width and the taper is provided by sloping 
the bottom of the header from the bottom of the fan outlet 
upward toward the outer end. This arrangement gives much 
more uniform distribution to the laterals. In five of the driers, 
the laterals are of the conventional wood construction with no 
taper. The other drier has a slatted subfloor on 6-in joists. 

Both natural and butane gas are used for fuel. Low-pres- 
sure, injector-type industrial burners, which require no auxili- 
ary air supply, have proven very satisfactory. The burners are 
installed directly in the air stream to the intake of the fan 
with no heat exchanger. The products of combustion combine 
with the air going into the drier. 


ig. 1 (Left) Typical heater insulation for double inlet fan (and author himself) e Fig. 2 (Right) Burner and safety control assembly 
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If the fan is the single-inlet type with bearings on each 
end of the shaft, the intake is extended 6 to 8 ft with a sheet- 
metal tube. This prevents the open flame coming into direct 
contact with the bearing. The diameter of this tube should 
be not less than the diameter of the fan intake, or 2 ft, which 
ever is larger. The burner is located at the outer end of this 
tube, with the long axis of the flame in the center of the tube. 
If the fan is the single-inlet type, with both bearings on the 
pulley side, the metal intake tube is shortened to 2 to 4 ft, or 
in some cases eliminated entirely. 

Double-inlet fans must be enclosed in a plenum chamber 
through which the heated air is drawn in order to prevent 
stratification and variation in temperature between different 
sections of the air distribution system. The hot air intake to 
this plenum chamber should, if possible, be located above and 
directly behind the fan. 

Single-inlet fans are ordinarily available in the heavy-duty 
type only. These are considerably higher in first cost than the 
light-duty, double-inlet fans used in hay-curing systems. How- 
ever, the first cost of the single-inlet fan is partially offset by 
the cost of the plenum chamber required with the double- 
inlet units. The installation of the single-inlet type is also 
much easier to make. 

Other types of fuel, such as propane, gasoline, kerosene, 
distillate, fuel oil, coal, or wood, may be used for heating the 
air in a hay-curing system. When using any of these fuels, 
other than propane, it will probably be necessary to install a 
furnace or other form of heat exchanger so that the products 
of combustion are not carried through the drier. The selection 
of fuel to be used will be determined by availability, cost 
(Table 1), and the cost of the heater installation. 

With any type of open-flame or furnace heating system, 
there is inevitably a certan fire hazard; however, if proper 
safeguards are maintained, the risk should be very slight. The 
three most likely fire hazards involved in the use of an open 
gas flame in a curing system are as follows: 

1 Danger of the fan being damaged by heat in case the 
belt should break, or if the motor should stop because of 
overload or momentary power interruption 

2 The possibility of momentary interruption of the gas 
flow which would cause the flame to go out. The fan would 
then pump raw gas through the drier. In the case of butane, 
this might settle to the ground and cause a serious fire hazard 

3 Danger of dry leaves, bits of paper, trash, or other light, 
dry material being sucked into the open flame, ignited, and 
blown into the drier. 

The danger from fan stoppage or flame failure can be 
overcome by the use of simple, inexpensive, semiautomatic 
controls. These controls consist of a solenoid valve in the gas 
supply line connected to a thermal element located in the 
burner flame, and a “‘sail’” switch located in the fan intake. 
During normal operation, the solenoid valve is held in the 
“open” position by the magnetic coil. If the burner should go 
out, the thermal element cools and breaks the electric circuit 
to the solenoid. A spring then automatically closes the valve. 


TABLE 1. COMPARATIVE COSTS OF FUELS 
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FAN INTAKE 
THERMOCOVUPLE MOUNTED 


IN BURNER FLAME 
GAS BURNER \ 


MANUAL 
CUT-OFF VALVE 


"0 OR 220 VOLT- 
SOLENOID VALVE 


TO GAS SUPPLY 


TO 110 OR 220 VOLT CIRCUIT OR 
TO MOTOR SIDE OF CONTROL SWITCH 


Fig. 3 Schematic diagram of semiautomatic safety controls 


If the fan should stop, the sail switch breaks the circuit and 
the solenoid valve cuts off the gas supply. If the electric cir- 
cuit controlling the operation of the solenoid originates on the 
motor side of the motor control switch, double protection is 
provided against danger from motor stoppage. These controls 
must be reset by the operator. 

The total cost of the semiautomatic protective system will 
vary from $25 to $35, depending upon the size of solenoid 
valve required. A complete automatic temperature and flame 
control can be installed for $125 to $150. 

Careful tests have demonstrated that there is very little 
danger from fire caused by particles of trash being drawn into 
the open flame. The velocity of the air passing the flame is 
so great that the material being carried in the air stream does 
not remain in contact with the flame long enough to ignite. 
Even lint cotton failed to ignite when introduced into the air 
stream over the flame. A hardware cloth (with 14 to '/y-in 
mesh) should be installed over the intake to prevent such for- 
eign material entering the intake and fouling the fan wheel. 

The use of heated air in the farm hay-curing system in- 
creases the rate of drying in three ways: 

1 It increases the moisture carrying capacity of the air 

2 When the hay is heated, the rate of diffusion of mois- 
ture from the interior of the stem or leaf to surface increases 

3 The vapor pressure of the moisture on the surface of 
the hay is increased. This increases the rate of evaporation. 

The rate of moisture removal from hay in a farm curing 
system will depend upon (1) temperature and relative hu nid- 
ity of the drying air, (2) the velocity of the air throug): the 
hay, (3) the size of the hay particles, and (4) the rave of 
diffusion of the moisture within the hay to the surface. 

Air at 70F and 50 per cent relative humidity contains 4.05 
grains of moisture per cubic foot. Air at 70F and 100 per 

cent relative humidity contains 8.09 grains of 1 .ois- 
ture per cubic foot. Thus air at 70F and 50 per cent 


Heater Cost per relative humidity is capable of absorbing 4.04 gains 
Heat of combus- efficiency, million Btu of moisture per cubic foot if the temperature rer ains 

Fuel tion, Btu Cost* percent effective heat . x 
constant. If air at 70F and 50 per cent relative hu- 
Natural gas 1,000 percuft  $ .40 per 1000 cu ft 90 $ .44 midity is heated 100F. it will ‘ a al 
Butane 103,000 per gal .09 per gal 90 97 5 y _— ; » it will contain 3.83 grat: ye 
Pngene 91,000 per gal Stones 90 4.03 moisture per cubic foot and the per cent satur tion 
Gaedties 117,000 per gal 11 per gal 80 1.18 will be 18.34. If the temperature is held consta it at 
Kerosene 144,000 per gal .09 per gal 80 78 100F and the air is saturated, it will contain 20.01 
Fuel oil, No.2 140,000 per gal .09 per gal 80 .80 grains of moisture and will have absorbed 6.21 
Fuel oil, No.6 — 150,000 per gal .09 per gal 85 mm gtains per cubic foot. Thus by heating the air 30F, 
Coal 13,000 per Ib 18.00 per ton 55 1.26 its moisture absorbing capacity has been multilied 
Wood = = = 8,000perIb =—_7.50 per cord 38 #7 by four. If the same air is heated to 200F, the satu- 

*Prevailing prices to farmers in Brazos County, Texas, December 1, 1946. 


rated mixture will contain 208.1 grains per cubic foot 


AGRI 


Ki 


jin ee te. Be ee Ce ee oe ok 


=o ae oe i pace rapa Ma | gee nef Pit enal < Ee 
pe ee, ri . Eee Be sag Pata 2 epee = Reser) 
7 a Bees E : sae Beat ae By rane Bt eae a ye io: 
“ifs sais Bees af 7 sf eek “igen co ae Beg ahe he ae SE a eee Ramee alee ea om 
Bees “i ee fy: a Gehman one Pie om ae Spas > acta te See eis Sadek ee: . haeae 
Re ES os: ee ee oy Sa e ee = Po Se, Or ee ssi i CE eae So DOE eae ee oo 
aes 
eT 
aoe 
ae axis 
am 
eae | ee = 
Be ae 
a ie 4 
Bea. i 
sey. | 
ee ee } 
oe tt * 
: : 
es ee a 
pe cs 8, x) 
Be as = 2 
ere eh oe 
ies res =" 
pcan sai. switc ; 
oh ie : and 
epee by 2 
se ate ‘ 
Se Caer es 
Saas min 
Sci one Ee 
epee of t 
e SC = 
Hee 
Bc ania sens 
pa x" eee Apy 
iat aan of ; 
me ee : 
Sager tion 
Septal cai rest 
Ysa) pete cre: 
es 
eee | pro 
ote: i aig 
Seo eM mid 
tae wil 
ga 
ee of ; 
Mea Gs . to | 
ies cen 
wil 
ts roa 
y ees cre. 
area Ib 
Ee arom: ae 
igs at daa the 
ee lea 
ee to | 
aan) of 
a | = tha 
ee rel, 
ee aN 
es aka, 
Ree the 
ee | the 
: ; 4 ey tar 
oe TE 
ie alf 
ee sw 
Pa the 
Nee ae 
Sa ble 
eee) 
| aie 
ges 
isc. Tee 
ey ae 
aN ae 
re cue 
», Sr 
c iieae e 
j SO 2 
% See SE 7 
Sor es 
we ae 
ee 
Tete me ig 
Bt: 222 
aS aan 
eieneehy 
Seas oper 3 
Sees TES apie aem 
Oe eres 
Soo pen 
ag Seger 
Sie 
ors: Seen ; 
TS agar 
‘| 
P.). — . . 
leer, . 
i. ae? ; : ‘ : : ; sy is eee Sie 
ee uae: eae ee ee = eee So Se ig? ‘S jae 
Luger SA Sty eae ao ee ac ae? re a Sipaes 


b 1947 


rols 


uit and 
tric Cir- 
on the 
ction is 
‘ontrols 


em will 
olenoid 
d flame 


ry little 
wn into 
lame is 
im does 
) ignite. 
the air 
to 4-in 
ich for- 
. wheel. 
tem in- 


> air 
yf mois- 
ncreases 
rface of 
ation. 
1 curing 
humid- 
ugh the 
rate of 
ins 4.05 
100 per 
of ris 
per cent 
4 gains 
ren ains 
tive hu- 
rai:s of 
tur tion 
sta it at 
in °0.01 
d ‘6.21 
air 30F, 
ulti lied 
the satu- 
ubic foot 


lg. cali Pa 


AGRICULTURAL ENGINEERING for March 1947 


TABLE 2. WATER REMOVED IN DRYING HAY 
Moisture content, 


per cent (wet basis) Pounds water removed 


Beginning End per ton dry hay 
80 20 6000 
65 20 2570 
60 20 2000 
50 20 1200 
45 20 910 
80 10 7000 
65 10 3140 
60 10 2500 
50 10 1600 
45 10 1270 


and the moisture absorbing capacity will have been multiplied 
by soproximately 51. 

‘When designing a hay-curing system, it must be kept in 
min! that this apparent increase in moisture-carrying capacity 
of the air cannot be realized in practice. As the air passes 
through the hay some of the heat is transferred to the hay as 
sensible heat to raise or maintain the temperature of the mass. 
Approximately 1500 Btu is required to raise the temperature 
of a ton of hay containing 65 per cent moisture 1F. Addi- 
tional heat is given up by the air in evaporating water. As a 
result, the temperature is lowered as the moisture content in- 
creases. The temperature of a cubic foot of air is lowered ap- 
proximately 8, F for each grain of moisture it absorbs. 


If air enters the hay at 70F and 50 per cent relative hu- 
midiiy and leaves the hay fully saturated, the temperature 
will drop to 58F. It will have gained approximately 0.199 lb 
of moisture per 1,000 cu ft of air. If the same air is heated 
to 100F before entering the hay and leaves the hay at 100 per 
cent saturation, the temperature will be reduced to 68F. It 
will have gained 0.536 lb of water per 1,000 cu ft. The in- 
crease in moisture removal due to heating the air 30F is 0.337 
Ib per thousand cubic feet, or approximately 169 per cent. If 
the same air is heated to 200F before entering the hay and 
leaves the hay fully saturated, the temperature will be reduced 
to 92F. It will have gained 1.81 lb of moisture per 1,000 cu ft 
of air from the hay. This is an increase of 810 per cent above 
that removed by air entering the hay at 70F and 50 per cent 
relative humidity. 

When drying any type of product, the smaller the particle, 
the faster it can be dried. As the particles are reduced in size, 
the total surface area exposed to the air increases and the dis- 
tance the moisture must travel through the product is reduced. 
There is proportionately more surface exposed to the air with 
alfalfa and other legumes than with the coarser hays, such as 
sweet sudan and sargo. Chopping the hay not only increases 
the surface area exposed to the air, but it increases the possi- 
ble rate of drying because moisture can be removed more 


TABLE 3. RESULTS OF DRYING HAY WITH HEATED AIR 
(From observations at six installations in South Texas, 1944 to 1946, inclusive) 


Moisture content Volume of air 
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easily through the ends of the stems than through the walls. 
The length of cut may, however, be limited by the effect on 
palatability, or by the method of handling the hay. 


In most cases the volume of air will need to be increased 
when the drying air is heated. This will be necessary to carry 
away the moisture without condensation occurring in the upper 
section of the hay mass. The increase in air velocity thus 
created will increase the rate of moisture evaporation from the 
surface of the hay. 


The cost of fuel and power for drying hay will vary with 
the initial moisture content of the hay when it is placed on 
the drier, the moisture content at the end of the drying period, 
and atmospheric temperature and relative humidity during the 
drying period. The amount of moisture removed from the 
hay is the primary factor involved. Most hay crops when first 
cut contain 75 to 82 per cent moisture. If this hay is placed 
directly on the drier and reduced to a moisture content of 10 
per cent, it is necessary to evaporate approximately 7000 lb of 
water for each ton of dry hay. If the hay can be predried in 
the field to a moisture content of 60 per cent, it will be neces- 
sary to remove only 2500 lb of moisture. If predrying con- 
tinues until the hay has only 45 per cent moisture, it will be 
necessary to remove only 1270 lb of water per ton of dry hay. 

On a clear day with air at an average of 78F and 70 per 
cent relative humidity, alfalfa will dry from 80 per cent mois- 
ture to 60 per cent within four to five hours. 

At one installation in Texas alfalfa was chopped and 
placed on the drier immediately after it was cut. It was dried 
from 78 per cent moisture to 7 per cent. The cost of fuel and 
power was $6 per ton of dry hay. At another installation the 
long alfalfa was placed on the drier at 60 per cent moisture 
and dried to 12 per cent. The cost of power and fuel in this 
case was reported at $2.20 per ton of dry hay. 

Alfalfa with small stems and a high percentage of leaves 
when dried directly from the field will produce a very high 
quality hay, often testing 1914 to 20 per cent protein and 140 
to 150 parts of raw carotene per million. (Commercially de- 
hydrated alfalfa usually contains about the same amount of 
protein and 240 to 250 parts raw carotene per million.) If 
similar hay is predried in the field to 60 per cent within a few 
hours, and with no damage from rain or dew, the resulting 
hay will still be of excellent quality. The protein content may 
be reduced one-half to one per cent. Carotene content, how- 
ever, will be only about one-third that of the hay dried im- 
mediately after it is cut. If the hay is to be sold immediately, 
that with the high carotene content will usually bring a pre- 
mium sufficient to justify the additional cost of drying. If the 
hay is to be stored and used on the farm, there is no ad- 
vantage to the high carotene product since most of the caro- 
tene will be lost within a few months. 

The savings in operating cost 
and drying time through the pre- 
drying period must be balanced 
against the probability of losses dur- 


ar petcent (wet basis) (cu ft/sq ftof Temperature Drying Cost per ing the predrying period from 
ind of hay Form Beginning End floor area) increase, F time, hr ton (dry)* bleaching, rain, and dew. This 
— ie ve * 10 32 1237 $2.24 predrying period will vary with 
eanut ong 10 35 70 2.67 y iti 
Hegari Bundlest 53 22 9% 37 90 1 77 =n prom —_ ‘ype - ra 
Alfalfa “wire = = is - an $20 For most areas, it will be practical 
Alfalfa Chopped (3 in) 78 7 25 90 36 6.00** to predry alfalfa.to at least 60 to 
a8 pea o—— o- ' . ” 35 100 24 4.50¢+ 65 per cent moisture before it is 
egari oppe 2 in 10 80 92 2.42t+ lac i 
Hesari_ Chopped (1% in) 70 9 25 100 20 2.80++ 4 - ee apts Pigeon 
Hepari Chopped (14 in) 70 10 30 100 12 2a <n oe oe sudan, dry very 


*Power and fuel: electricity at 3c per kw-hr and butane at 9c per gal. 


‘Fan operated during the day only; burner operated only 61 hr. 
iWith heads. 

*“Natural gas at 50c per 1,000 cu ft. 

7’ Natural gas at 30c per 1,000 cu ft. 


slowly. In the coastal area of Texas 
this type of hay may require one to 
two weeks to dry to 60 per cent 
moisture, even if left in the swath. 

(Continued on page 108) 
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Reducing Surface Spoilage in Ensilage 


By Ralph J. Anderson 


ASSOCIATE MEMBER A.S.A.E. 


ANY farmers and ranchers accept surface spoilage of 

ensilage as an agricultural burden, most of which can 

be lightened by sealing in the ensilage at the surface 
with wide widths of fiber re-enforced waterproof paper. 

To reduce surface spoilage in permanent silos it is essential 
that the silage be well tramped and leveled. A level surface 
facilitates holding the paper snugly to the ensilage. Since most 
of the spoilage occurs at the walls, a good job of folding the 
fiber re-enforced waterproof paper to the wall (Fig. 1) will 
eliminate most of the waste at this vulnerable point. 


At the walls the paper should be lapped 12 in, and where 
joints are needed another 12-in lap is necessary. Sufficient 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 

RALPH J. ANDERSON is manager, farm department, The Sisalkraft 
Co., Chicago, Ill. 

AUTHOR’s ACKNOWLEDGMENT: The author is indebted to I. D. 
Mayer, agricultural engineer, Purdue University Agricultural Experiment 
Station, for his cooperation and advice in connection with studies re- 
ported in this paper. 


ensilage or other heavy material should be placed on tc» of 
the paper at joints and edges in order to hold the paper f -mly 
in position. It is not necessary to cover the entire surface of 
the paper; only the edges and laps. Enough weight is ne 2ded 
so that the paper will settle with the ensilage. In perm: nent 
silos that have no roofs, a little more weight is perhaps needed 
due to the possibility of wind damage. 

In some parts of the country a good many cattle fe-ders 
and dairy farmers use trench silos. The same method use | for 
eliminating ensilage waste in permanent silos can be ap lied 
to trench silos. 

One of the weaknesses of storing ensilage in trenches has 
been the excessive surface spoilage. Another is the labor in- 
volved in removing this spoilage. For these two reasons many 
farmers have discontinued using trench silos. Some users have 
placed 6 to 12 in of soil on top of the silage. Wide widths of 
fiber re-enforced paper will save the labor involved in the 
handling of this heavy layer of earth seal. Morton Brothers 
of Lebanon, Indiana, tried using this paper in 1945 for the 
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Fig. 1 (Upper left) A good job of folding the fiber re-enforced waterproof paper (Sisalkraft) to the wall of a permanent silo will elizainate 
most of the waste ensilage at this point. I. D. (Jimmie) Mayer, agricultural engineer of Purdue University, is the man doing the folding 
e Fig. 2 (Upper right) This picture shows the process of filling one of the Morton Brothers trench silos. Note layer of baled straw and lining 
of Sisalkraft at the edges of the trench e Fig. 3 (Lower left) This shows a trench silo covered with 1314-ft Sisalkraft. Note the double layer 
of the paper at the edges e Fig. 4 (Lower right) The end of this trench silo is sealed with a three-layer wall of baled straw, and this wall 
is in turn lined with Sisalkraft 
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conservation of ensilage in their trench silos. One silo was 
covered, and another was left uncovered for comparison. The 
capacity of these silos was about 600 tons each. They were 
filled with corn ensilage in September, and the uncovered 
trench silo was fed out of first. They started feeding out of 
the covered silo about January first. Widths of 1314 ft of the 
fiber re-enforced paper were used for the surface covering. 
A 12-in allowance was used at the edges and laps and a 
layer of soil was placed over them. Morton Brothers estimate 
from 60 to 70 tons of ensilage as lost in the uncovered silo. 


Por added capacity Morton Brothers have always used a 
layer of baled straw at the edges of the trench (Fig. 2). 
These straw bales are lined with 36 in of the fiber re-enforced 
pap.°, and the paper is brought up over the top of the bales 
abou! 12in, to provide for laps. The cover is then brought 
down over this lap so that there are two layers of the paper 
at the edges. Most of the spoilage in trench silos, we under- 
stanc!, occurs at the edges, and this method allows for double 

rotection. 
, ‘ig. 2 also shows dump trucks used to haul the chopped 
ensilage from the field. They are driven across the length of 
the silo and thus help to do a good job of packing. 

lig. 3 shows the application of the 1314-ft width of fiber 
re-enforced paper to the ensilage. It will be noted that the 
pape is held in position by the application of soil at the edges 
and laps only. The picture also shows the double layer of 
re-enforced paper at the edges as mentioned above. 

Fig. 4 shows how the end of the trench silo is sealed. The 
three-layer wall of baled straw used for end sealing is also 
lined with the fiber re-enforced paper, as this is another vul- 
nerable spot where a good deal of spoilage is found. 


SURFACE SPOILAGE IN TRENCH SILOS 
In 1945 and again in 1946 the surface spoilage in Morton 
Brothers trench silos, under the fiber paper covers was con- 
sidered nil. Howard Hill, of Minburn, Iowa, covered his 
trench silos in 1945 and 1946 with the same results. 


We know of at least fifty farmers in Iowa, Indiana, Illinois, 
and Nebraska who in 1946 used fiber re-enforced paper to 
cover their trench silos. We have been in touch with most of 
them and they are well satisfied. The spoilage has been held 
to a minimum, and the consensus of these farmers is that $40 
to $50 worth of the fiber paper will save $250 to $300 in feed 
alone. These figures incidentally, do not include the cost of 
labor involved in handling the spoiled ensilage. 

We also know of about fifty farmers who are covering 
ensilage in their permanent silos with our paper, and they are 
all well satisfied. In all cases surface spoilage has been held 
to a minimum. 

This is an ideal use for our fiber re-enforced paper because 
it can be handled without tearing. Also, a man can walk and 
kneel on it, and the wide widths eliminate a good many of 
the laps, thereby increasing the efficiency of application. The 
84-in or 1314-ft widths are ideal for this use. 

Careful handling of the paper should enable the farmer to 
salvage a good deal of it for reuse. 

I would like to emphasize the importance of doing a good 
job of compacting and leveling the ensilage in permanent silos 
before covering with the paper. There should be no crown- 
ing. Fig. 1 shows an ideal covering job. 

For covering trench silos, a good job of compacting the 
ensilage is again desirable. However, all of our cooperators 
are using a crown for surface drainage (Fig. 3). 

Our research work in the application of fiber re-enforced 
waterproof paper to covering ensilage in trench and permanent 
silos is not yet complete, we feel safe in saying that the paper 
will perform satisfactorily from fall to early spring in most 
parts of the country. 


ai. 


Ground Water in California 
By C. N. Johnston 


MEMBER A.S.A.E. 


ROUND water in California is in a status unlike that of 

the weather described by Mark Twain because here and 
there we are able to do something about it. This state has one 
main large north-south valley trough that slopes from the 
north near Mount Shasta to the vicinity of San Francisco and 
from the south in the vicinity of Bakersfield also toward San 
Francisco. Into these two basins, comprising the great trough, 
feed the many streams out of the Sierras situated to the east 
and those from the Coast Range located in the west. Each 
stream has an individual alluvial cone near its entrance into 
the main valley. The latter is now the composite product of 
the alluvial fans from these streams, the accumulation since 
prehistoric times. The prehistoric streams left debvis cones high- 
er up on the mountain flanks, often above the beds of the pre- 
sent streams. The gravelly extensions of those early cones 
plunge below the present streams and sweep outward and 
downward into the great valley, forming the aquifers that 
furnish irrigation supplies to large areas of the state. 


Because the prehistoric gravel layers are crossed normally 
somewhere in the path of present streams, infiltration in these 
crossings becomes an important source of supply for the under- 
ground strata that are tapped at lower elevations by pumping 
plants. Since the supply enters at a considerably higher eleva- 
tion than the pumping area, and because the gravels are at 
some depth in these pumping areas, and also because the 
leakage from the water aquifers is slow, it is the exceptional 
well drilled in the state that has no hydrostatic pressure in 
the supply stratum or strata and is thereby non-artesian in 
character. 


IRRIGATION DEMAND RAPID IN SOME AREAS 


Agricultural developments are more intense in some areas 
of the state than in others due to markets, thrift of crops, and, 
more particularly, quality of soil. In some such areas the de- 
mand for irrigation water becomes more rapid than natural 
infiltration and transportation processes supply. The result is, 
first, a lowering of local water tables which permits greater 
transportation rates and, second, an overdraught of the de- 
mand continues to exceed the possible natural supply even 
under the improved transportation conditions provided by 
steeper gradients. The point is now reached where it may be 
possible and is desirable to do something about it. 

The local area receives water from a local stream or 
streams which normally flow in flood stage through part of 
the winter or non-irrigating portion of the season. Much of 
this water usually sweeps out to sea and is lost. Any portion 
of this waste flood water that can be put underground to in- 
crease the normal infiltration will augment the pumping sup- 
ply. Infiltration should be increased by expanding the area in 
contact with the supply or by extending the period of in- 
filtration. Diversion of a clear water increment of the flood 
waters over the gravels of the prehistoric stream debris cones 
is one effective procedure to increase percolating areas. If the 
floods are trapped behind dams at higher elevations, they can 
be released as constant flow throughout the season increasing 
infiltration time, and if small gravel or earth banks are put 
across the stream beds in the areas where the gravel strata 
are crossed, additional percolating surface can be provided 
and for increased periods of time as well. Some of the regu- 
lated flow might be spread over the gravel benches provided 
in prehistoric stream deposits. (Continued on page 102) 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 


C. N. JOHNSTON is associate irrigation engineer, University of 
California. 
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The Value of Consulting Work for Teacher Development 


By H. B. Walker 


FELLOW A.S.A.E. 


HE engineering consultant must possess some superior 

knowledge before his services are sought on a paid basis. 

In a way all of us are consultants, and the measure of 
our recognized abilities in a particular field is the demand 
coming to each of us for consultation whether paid for or not. 
I presume the most tangible measure of our value as consult- 
ants is the rate of pay we may demand and obtain for our 
consulting services. Thus paid consulting service tends to 
place an appraisal on the value of personal service and in this 
way builds up the individual’s self-confidence and inspires him 
to become more proficient along some special line or lines of 
endeavor. Likewise, it provides a constantly expanding back- 
ground of professional consciousness and responsibility, which 
depends in turn upon an expanding experience based upon 
successful practice. This of course provides a splendid back- 
ground for teaching engineering subjects, since it brings into 
focus the practical applications of engineering as a service to 
society. It has a definite broadening effect upon the individual 
both from the professional and the student viewpoints. 

No man can command value as a consultant unless he 
possesses proficiency along some line of interest to those who 
would consult him. If he occupies such a distinguished posi- 
tion, he must of necessity be a student in his field and through 
a series of experiences must have demonstrated his particular 
abilities. No engineer becomes a consultant by mere declara- 
tion. True enough, there must be an initial experience, which 
provides the opportunity to prove proficiency, but it is a series 
of these experiences which attract clients and the frequency 
of these experiences with distinguished clients really establishes 
his worth as a consultant. 


The nature of agricultural engineering education and its 
most fortunate position in being established exclusively in 
land-grant colleges and experiment stations do not afford 
numerous opportunities to build up a paid consulting practice, 
but this need not shut out opportunities for consulting experi- 
ence. Many of the land-grant institutions do not permit their 
agricultural engineering employees to accept consulting fees 
within the respective states, but a limited practice may be per- 
mitted elsewhere. Personally I favor such an administrative 
policy particularly in institutions where the agricultural engi- 
neering staff is an official part of the experiment station staff, 
and this, I believe, should be so in all land-grant institutions. 


SERVICE CALLS FOR CONSULTING EXPERIENCE 


The nature of our service to agriculture calls for consult- 
ing experience, for after all it is a form of mutual cooperation, 
and an agricultural engineer who can’t cooperate must be a 
real genius in some highly technical field if he renders a com- 
plete individual service to agriculture. Thus the nature of our 
employment provides ample opportunity for development as 
consultants, and if we as teachers do not enjoy these oppor- 
tunities, it probably connotes either an uncooperative per- 
sonality or limited native intelligence or both. I cannot feel 
that we have many like that in the agricultural engineering 
profession. 


What then should be our attitude toward the development 


This paper was presented before the Agricultural Engineering Teach- 
ing Seminar sponsored by the American Society of Agricultural Engi- 
neers at Purdue University, Lafayette, Ind., August 30 to September 
4, 1946. 

H. B. WALKER is professor of agricultural engineering, and head of 
the division, University of California. 


of consulting experience as an aid to teaching, and wha’ are 
some of the problems to be met? Let us keep in mind two 
phases of the measure of success in consulting experience, oth 
of which are the same, but the measure of professiona at. 
tainments is different. These are (1) the technical stan jing 
of those with whom you consult and (2) the pay you may 
command as a consultant. Of these two, the former is ‘ore 
important in your development as a consultant and teacher, 
but the latter probably yields more direct personal satisfac- 
tion since it constitutes a tangible measure. 

To become a consultant one must possess some attractant 
in the way of technical or professional abilities. People «\on't 
come to your doorstep for general knowledge. They waut to 
know something in particular about something which is im- 
portant to them, but the attainment of this knowledge is not 
readily available for their immediate purpose. Generally, peo- 
ple who consult others on technical matters are far above the 
average in intelligence, and they are likely to be severely 
critical of the knowledge they seek. For this reason they are 
stimulating. The more they have to pay for this knowledge, 
the more critical they are apt to be, because the moment one 
establishes a consulting rate he fixes in the mind of his client 
the potential value of his services. In such cases the paid con- 
sultant delivers with the “know how” or quickly sinks into 
oblivion as a consultant. 


CONSULTANTS NEED SUPERIOR KNOWLEDGE 

The first requirement in the development of consulting 
experience is the recognition of the opportunity. Remember, 
administrative policies may restrict teacher opportunities for 
paid services, but these need not be deterrents in the develop- 
ment of consulting abilities. Likewise, you have no right to be 
consulted unless you possess superior knowledge. The larger 
the organization of which you are a part, the more favorable 
are your opportunities to develop into a valuable consultant. 
This is because there are greater opportunities for you to be- 
come a specialist, and more than likely you had to possess 
some specialized knowledge in order to qualify for initia! em- 
ployment. The most difficult situation exists for the one-man 
department teacher. His position requires such a dispersion of 
effort that specialized work becomes difficult. If he must de- 
vote all of his time to teaching, his opportunities for becoming 
a highly paid consultant are practically nil, and he may not be 
in great demand as an institutional consultant. If he is privi- 
leged to do research, and may I say I hope this is possible for 
every teacher, his opportunities are tremendously expanded. 
Research stimulates the will to know more about some particu- 
lar thing. It stimulates library research, and all of us should 
be more conscious of the unused and little known treasures 
to be found in our storehouses of knowledge — the libraries. 


When a teacher and/or research worker solves some diff- 
cult but important problem in a new and scientifically sound 
manner he has demonstrated a measure of competency in 4 
particular field. He may know more and more about less and 
less, as the humorists refer to an expert, but he does know 
more than others about something, and he qualifies as a con- 
sultant in that particular matter. If he possesses that r .ther 
rare ability, to generalize his new knowledge into other ‘elds, 
he is more likely to be sought as a consultant. He has demon- 
strated by tangible procedures his ability to think str:ight, 
and he has developed the knowledge essential to solve a pat- 
ticular group or class of problems. We should not deceive 
ourselves, however, that the mere ability to think straight cuali- 
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fies a man to become a consultant. He must possess the essen- 
tial knowledge that goes with straight thinking. A lack of 
knowledge always disqualifies a man no matter how logical 
his thinking may be. Moreover, the consultant who may have 
developed expertness in some particular field should be care- 
ful not to commit the common error of human beings that this 
qualifies him for expertness in every field. Knowledge —a 
little of it — may be dangerous, but knowledge is an essential 
element for a successful consulting development. If the con- 
sult:nt possesses superior knowledge, he has an opportunity 
to succeed when he uses this with straight thinking. 

\ith such a background of experience his teaching in his 
special field becomes more logical in presentation, of greater 
interest to the student, and the learning of the student is ac- 
celer ted because his application of principles have been tested 
by p.rsonal experience. 

lL <periment station workers are likely to be sought as con- 
sultants, particularly if they have basic knowledge of such 
scientific fields as fluid mechanics, electronics, dynamics of 
maci nes or soils, air turbulence, etc. These are essential back- 
grourt subjects for specialized engineering knowledge of a 
distir ctive type. 


BASIC SCIENTIFIC KNOWLEDGE ESSENTIAL 

Ii your experiment station or teaching colleagues consult 
you about your chief technical interest, it is tangible evidence 
of recognition of your superior knowledge in some particular 
field. You should accept this as a high compliment to your 
ability, and it should inspire you to greater efforts and further 
study in the field of your specialty. 

Informal consultations with industrial leaders are sure to 
occur if agricultural engineering staffs are actually doing 
worth-while work. These may be quite variable in character 
and represent the various fields of agricultural engineering ac- 
tivities of which there are many. Likewise, the industrial repre- 
sentatives may range from salesmen to chief engineers or 
other senior officers of companies. Oftentimes initial visits are 
merely courtesy calls, but they afford an opportunity to indi- 
cate the interests of the staff and to show or demonstrate work 
in progress. All of this may seem to be quite remote from engi- 
neering consultation, but it has been my experience that while 
such representatives may initially make calls through courtesy, 
eventually such calls are made more or less periodically to 
consult with particular staff members. It is a great satisfac- 
tion to an administrator to know the men on his staff com- 
mand the respect of representatives in commercial fields where 
interests are mutual. Such consulting work, I hope, is mutu- 
ally beneficial. I am sure it has great value to staff members, 
and judging from the visitor list at our own institution, it 
must have technical value to those who come, for the repeat 
visits from engineering departments of the larger corporations 
are increasingly numerous. What should be our attitude in 
encouraging these relationships? First of all, no one comes 
often to your doorstep unless there is technical interest and 
hospitality there. Thus you must have something to attract 
the visitor. It may be no more than a viewpoint, which the 
visitor finds inspiring or refreshing, or, better yet, it may be a 
project you are engaged in which has industrial significance. 
In any case there must be some mutuality of interest and 
frankness in exchange of viewpoints. While such calls may 
be rather indefinite at first, they may be expanded into mu- 
tually profitable experiences. 

Secondly, if you are to develop consulting experience, you 
must be able to translate your interests and knowledge into 
the interests of the client. Seek his viewpoint of the problem, 
and endeavor to solve the problem from that angle. The 
client's satisfaction is all important to you so long as his de- 
mands can be met by sound engineering methods. Thus, if 
you would develop your consulting abilities, you will treat 
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each person who consults you the same as if he were a paying 
client. In this way you establish a reputation in your field 
through the satisfaction of the client. 


These experiences do two things for the teacher. First, it 
trains him in logical analysis which stimulates him to expand 
his knowledge in the field of his specialty, and, secondly, he 
gains experience in viewing problems from the client’s stand- 
point. These two things are of direct value to the teacher. 
Logical analysis is essential for good teaching and students 
after all are clients of the teacher. If the teacher can recognize 
the student’s viewpoint, he is much better able to organize his 
subject matter for presentation. Thus the learning curve of the 
student will be steeper which is always a satisfaction to both 
teacher and student. This constitutes good teaching. 

Bear in mind, your abilities as a consultant are measured 
to a considerable degree by the standing and reputation of the 
men who seek your assistance. A person gains in professional 
stature when he has an opportunity to associate with others 
who have superior knowledge and broader experiences. The 
chief engineer of any organization is a distinctive visitor. If 
he happens to be connected with an organization of national 
or international importance, his visit is even more distinctive. 
Every visitor should be extended the same courtesy and metic- 
ulous analysis of specific problems. The difference in visitors 
is more likely to be one of viewpoint of approach. Thus con- 
sulting work, while based essentially upon a superior knowl- 
edge of some technical field, is not a standardized service. It 
must take into account individualized problems, requiring per- 
sonalized, objective solutions. The more successful one be- 
comes in meeting these requirements, the more successful he 
becomes as a consultant. This attitude of approach calls for 
personal resourcefulness in the consultant, but it never requires 
a sacrifice in sound engineering analysis. 

It is well for the would-be consultant to remember that the 
man who seeks your advice always has a problem that is im- 
portant to him. If he is willing to pay for your advice, it af- 
fords an opportunity to appraise the importance of the prob- 
lem to him. In our experiment stations there is a lot of in- 
formal consulting work for which there are no provisions for 
compensation. This is as it should be. This may lead to some 
abuse of service, and it may tend to cultivate an indifference 
upon the part of the teacher toward such mutual help. I hope 
we as agricultural engineers will never become indifferent in 
such matters. If your colleague comes to you for assistance, he 
undoubtedly has something to discuss which is important to 
him. If you are qualified to assist him, he should be treated 
much the same as a paying client. If you can’t help him, he 
should know the reason why, but in any case he has honored 
you with an opportunity for service. 


CONSULTANT MUST ESTABLISH REPUTATION 


Before one can become a paid consultant, he must have 
established a reputation for outstanding proficiency along some 
line. If you are indifferent to your colleagues they can do 
little to aid you in establishing a reputation. If you have 
served them well they will refer others to you, some of whom 
may become paying clients. Thus your future as a consultant 
is not determined by desire, or choice, but by performance. 
It depends upon what others think of your abilities. The im- 
pression you leave with clients will determine your reputation. 
Every person who consults with you, whether a paying client, 
colleague, or interested man from industry contributes to this 
reputation. The treatment they receive when they honor you 
through consultation will have more to do in establishing this 
reputation than any other single factor. This is based directly 
on an appraisal of your abilities, your courtesy and tact in 
dealing with clients, your capacity to analyze problems and 
gtasp the viewpoint of the client, and your ability to recognize 
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the controls and bottlenecks in technical analysis and thus 
reach logical solutions without loss of time. 


If you should become a paid consultant, what constitutes 
appropriate fees? Generally speaking, when a client seeks ad- 
vice, he has a particular problem and he seeks a prompt 
answer. He comes to you because he believes you can give 
him the correct answer with the least loss of time. This is the 
type of consulting experience most likely to come to the 
teacher. It is a form of short-term employment usually han- 
dled on a per diem basis. The service charge should be in 
keeping with the value of the service to the client. In no case, 
if it has a charge value at all, should it be a charge similar 
to a fixed salary income. It should be much more. The client 
seeks an answer valuable to him; he wants it quickly; he 
comes to you because of your background of training and 
experience which may involve years of study and experience 
upon your part; he pays you a fee, which you are permitted 
to fix as a measure of your personal evaluation. If it is low, 
he will expect mediocre service. If it is in keeping with the 
full responsibilities involved, it will be respected, you will be 
obliged to extend your abilities to top professional level, and 
your likelihood of rendering a competent consultant service 
will be enhanced. Be sure to charge enough. 


BASIS OF CONSULTANT COMPENSATION 


The teacher consultant, if he is really worthy of being 
called such, should receive a per diem compensation of not 
less than five times his equivalent normal per diem pay, up 
to $100 per day. Of course all expenses should be in addition 
thereto. Generally a per diem should be based upon a 365-day 
year and charges made for each and every calendar day, from 
the time of beginning employment to the date of return to 
regular duties. Where the nature of the services merit higher 
charges than $100 per diem and expenses, each consultant 
should be capable of estimating his worth to the client. Court 
cases, or other work involving expert testimony, should com- 
mand higher rates of compensation, oftentimes double the 
normal consulting fee. 


Where consultation may be anticipated in advance on an 
intermittent basis to a company or individual demanding ex 
clusive service, then a retainer contract is desirable. It would 
seem to me that this form of consulting work is the least de- 
sirable for a person employed in a land-grant institution, for 
it constitutes a certain monopoly of service. 


Federal and state agencies often desire special services 
from employees of land-grant institutions. This may be a 
special problem, or short-time contract work, of a consulting 
nature which may be handled quite properly on a different 
basis of compensation. In such cases compensation may be 
nearer the base rate of pay ‘of the individual, but it should 
never be less and preferably up to 50 per cent more. Regula- 
tions of such agencies usually fix the method and rate of 
compensation, and the acceptance or rejection of contracts de- 
pends upon individual judgment. In any case, these experi- 
ences are comparable to consulting practice and teachers should 
be encouraged to take advantage of them when practicable. 
However, the teacher must expect to work much harder on 
these special assignments than if engaged in his regular insti- 
tutional activities. Consulting work of any nature requires 
this. 


In summarizing my thoughts on the value of consulting 
work for teacher improvement, I should like to call attention 
to the following: 


1 To become a consultant one must possess exceptional 
specialized knowledge and abilities. 


2 Any teacher who can qualify as a consultant is a better 
teacher: | 
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3 Consulting abilities can be developed through institu. 
tional experiences. 

4 The point of view of the client is of paramount im- 
portance in successful consulting practice. 


5 The teacher should treat every visitor who comes to 
consult him regarding technical matters as an actual or a 
potential client. 


6 A measure of your ability as a consultant may be judged 
by the technical standing of those who come to consult with 
you. 

7 If your services as a consultant are valuable, be sure 
your fees are in keeping with the services required. Do not 
undercharge. 

8 If you are a consultant, remember any matter a <‘ient 
brings to you must be assumed to have importance to him 
and therefore requires your careful and meticulous atten ion. 


9 In consulting practice, your clients are generally people 
of superior abilities seeking special knowledge. They have a 
right to be critical of your findings. 

10 The relationships between a consultant and his ciient 
are not unlike those of a teacher with his students. Stucents 
are clients. If your clients succeed, you are a successful con- 
sultant, or, likewise, a successful teacher. 


11 If you are a member of the experiment station staff, 
cultivate the consulting method with your colleagues. You 
are sure to profit. 


12 Exchange experiences with state and federal agencies 
on special assignments suited to your abilities are comparable 
in value to teachers as paid consulting work. 


Ground Water in California 
(Continued from page 99) 


All these measures supplement the natural supply, and raised 
water levels in former overdraught areas prove the effective- 
ness of the measures. In fact, it is one of the objects of the 
Central Valley Project of the U.S. Bureau of Reclamation to 
supply water for underground storage using the methods out- 
lined above. 

The large valley trough is a grand scale replica of each 
minor drainage system in the state, so the measures are acapt- 
able to about all underground pumping areas. The only |imit- 
ing feature to the application of such measures is the lack of 
adequate water supplies in some localities. 


The preceding discussion can be construed as focussed 
upon the irrigation wells. Stock and small domestic wells fall 
often in another category, being small in size, relatively shal- 
low in over-all depth, and of limited capacity. Such wells 
often tap strata not directly affected by percolation from «reas 
near the top of the alluvial fan and are connected to the 
streams by later deposits in contact locally with surface flow. 
In such cases the-water levels in the shallow wells behave 
differently from those in the deep wells in that area making 
the recording of water level data somewhat more complicated 
than it would be were only one locality of supply invelved 
for both types of wells. 

Near the center of valleys the alluvial fill is one to sev- 
eral thousand feet deep, and near the head of the fans often 
less than one hundred feet deep. As a result, wells vary in 
depth from less than a hundred feet to over a thousand feet 
and in size from 3in to as much as 20 in in diameter. Costs 
and capacities are as widely divergent, so no tabulation figures 
are possible. However, in many areas irrigation wells pro- 
ducing 40 gal or more per foot of drawdown are consiclered 
good. Many produce over 100 gal per foot of drawdown. These 
figures are not reached in other areas where supplies afe 
limited or the conducting strata are tight. 
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Quality Hay Defined 


By C. B. Bender 


r HY is there so much interest in quality hay? We 
¥ have gotten along in the livestock industry for 

‘ years on any kind of hay. Yes, we had good hay 
and poor hay, abundant hay crops and short hay crops over 
the years. Supplementing these hays with silage and plenty of 
grain and protein seemed to take care of the production of 
milk. meat, and wool pretty well. Many livestock men had 
the ijea that cheap grain feeds and protein supplements were 
the cnswer to low-cost production. 
It is true that research workers have been investigating the 
hay plant for years. They have shown that the chemical com- 
position of hay depends on the botanical composition of the 
herbage in the field, the stage of maturity when the plants are 
cut, the soil type and fertility level of the field, climatic con- 
ditions, and the manner in which the crop was made into hay. 

As early as the late 1800's it was found that 20 per cent of 
the dry matter in hay could be lost by soaking it in cold water. 
Clover and alfalfa can lose from 25 to 50 per cent of its dry 
matter by rain. These losses are due to leaching, bleaching, 
shattering of leaves and stems, followed by changes in com- 
position due to the action of moisture, enzymes, and heat. The 
losses of nutrients for the most part were the soluble, most 
easily digestible ones. 

Over the years the research worker found patterns of 
symptoms in the herds and flocks that were definitely tied up 
with the quality of the roughage. This poor quality hay is 
often the cause of vitamin and mineral deficiencies manifested 
by calves, colts, and lambs suffering from pneumonia, night 
blindness, rickets, digestive disturbances, general unthriftiness, 
and death. In the older animals poor quality roughage may 
cause lack of thrift and a poor breeding history. 

Poor hay contributed to our national shortage of protein. 
Excellent alfalfa hay may contain 18 per cent of protein; poor 
alfalfa will contain 10 per cent. Excellent timothy cut at the 
right stage of maturity will contain 10 to 11 per cent protein 
and poor timothy will contain 5 per cent. However, this is 
only part of the protein picture. The proteins in the excellent 
hays have a higher coefficient of digestibility when put through 
the animal's digestive tract. 

Let's look at this protein picture in another way. Alfalfa 
on fertile soils will yield four tons of hay per acre. Cured 
into excellent hay, the protein yield will be 1440 lb per acre. 
The poor hay will yield 800 lb of protein per acre. This is a 
difference of 6401b of protein without calculating the in- 
crease in digestible protein of the excellent quality hay. It 
would take the protein of 28 bu of soybeans or 118 bu of corn 
to make up this difference. 

We in the research and extension fields have preached 
high-quality roughage to livestock men for years. Yes, we 
have had some converts, but the rank and file of livestock men 
was unimpressed. It took World War II with its shortages 
of both protein supplements and energy feeds to create a pro- 
found interest in the conservation of the nutrients in hay as a 
means of “getting by”. During this period many dairymen 
found that good quality roughages not only kept up milk pro- 
duction in their herds when they fed home-grown energy feeds 
such as mixtures of corn, oats, barley, and wheat, but they 
were also able to produce the milk on less grain. Those of us 
in the research field knew this was possible, but it took a 
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national calamity to drive the picture home. Furthermore, the 
livestock men found that production costs were reduced when 
greater reliance was placed on high-quality roughage produced 
on the farm under their control. 

Thus far only the protein picture has been stressed. Now 
let's look at the total digestible nutrient or energy values of 
excellent hay. This picture is comparatively the same as the 
protein picture. Excellent quality hay will have 53.7 lb of 
total digestible nutrients in every 100 lb while poor hay will 
have 44.9 lb, or a difference of 176 lb per ton. In a four-ton- 
per-acre yield of alfalfa that would amount to 704 lb of nutri- 
ents. This is equivalent to 15.5 bu of corn. 

The greatest roughage burners are the ruminants. The cow 
is the leading member of this group. It was designed by na- 
ture to consume liberal quantities of roughage. With its four 
stomachs and intestinal tract it has a capacity of eight 40-qt 
milk cans. Too many of our dairymen have tried to convert 
this animal to a grain burner because it is easier to feed grain. 
These same dairy or livestock men close their eyes to the fact 
that the protein and nutrients in grain are the most expensive 
ones fed to livestock. 

In order to have high-quality hay we must of necessity 
start with the soil on which it is produced, because there are 
many studies which show that the plant reflects the nutrition 
of the soil. 

As a rule roughages are good sources of calcium; however, 
on acid soils or soils of low available calcium content lower 
calcium values are found in the plants. 

Phosphorus deficiencies in cattle have been reported in 
many areas. These deficiencies become manifest and have 
been described as pica, stiffness, osteophagia, anorexia, and 
decreased feed utilization has been observed. Frequently these 
deficiency diseases have been traced to the roughages. Greater 
utilization of roughage by the animal tends to accentuate this 
trouble. Fertilizing the soil with phosphorus or feeding steam- 
ed bone meal overcomes the deficiency symptoms. 

Iodine, manganese, iron, copper, cobalt, and magnesium in 
adequate amounts in the soil, or in the soil complex in short 
supply, all have their role to play in the nutrition of the plant 
and the animal. 

Soil fertility was found to have a definite effect on the 
carotene and protein content of plants. A lack of nitrate nitro- 
gen adversely affected the carotene and chlorophyll content. 
Nitrate nitrogen seems to be superior to ammonium nitrogen 
from this standpoint. 

There is a relation between rainfall and the chemical com- 
position of the plant. When alfalfa is grown under conditions 
of sufficient rainfall, it is higher in phosphorus and lower in 
calcium than when grown in arid regions. The amount and 
seasonal distribution of rainfall are factors influencing the dry 
matter and protein yield of the plant. Phosphorus deficiency 
outbreaks are usually observed following a drought. In areas 
of limited rainfall herbage is generally low in protein. 

When discussing the vitamin content of roughages, caro- 
tent or pro-vitamin A is usually thought of first. As has been 
previously mentioned, it is affected by nitrogen fertilization. 
There also is a variation in its synthesis due to the species of 
plant as well as the stage of maturity of the plant. It is 
higher in the rapidly growing plant and usually reaches its 
maximum before or at early bloom stage. In pasture the high- 
est carotene concentration is in the spring and again in the 
fall after the fall rains. 

The vitamin D picture is somewhat different. Green for- 
age, grass silage, artificially dried hays are almost completely 
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lacking in it. Sun-cured hay has usually an ample supply to 
protect calves against rickets. 

Vitamin E seems to be in good supply in sun-cured hay. 
Artificially dried hay retains a higher potency of this vitamin. 

The vitamin C content of roughage is thought to be good 
in the green plant. Deficiency symptoms usually do not occur 
in cattle because of their ability to synthesize it. The same 
thing holds true for the B complex. 

In addition to the factors previously listed, the stage of 
maturity of the plant plays a major role in the chemical com- 
position of the plant at the time of harvest: 

1 Crude protein decreases with growth but remains con- 
stant after bloom. 

2 The dry matter increases until seeds are formed. 


3 Crude fiber increases steadily until seed formation then 
tends to decrease slightly. 

4 Ether extract generally decreases until blossoming at 
which time it increases until seed begins to form. A decrease 
then follows, the low point being at the time the seed begins 
to harden. 

5 Nitrogen-free extract increases with approaching ma- 
turity. 

6 Ash decreases with approaching maturity. 

7 The digestible matter is greatest at the prebloom stage. 

8 Sugars decrease with increasing age of plant. 

9 The pentosans, cellulose, and lingin increase with age. 

10 Pectin and fructosan decrease as plants grow older. 

11 Carotene, ascorbic acid, vitamins B, and B, decrease as 
the plants mature. 


NUTRIENT LOSSES MUST BE REDUCED 

It can be said axiomatically that we can grow excellent 
hay crops but that we fail miserably in curing them as hay. 
The losses in protein nutrients and minerals in the normal 
haying processes are too high. The greatest losses are due to 
leaching, bleaching, heating and overhandling. These losses 
are too well known to spend any time on them, except to 
state that they run from 20 to 50 per cent of the nutrient 
content of the plant. This increases production costs and af- 
fects the health and well being of our livestock. These losses 
must be reduced by improvements in hay-making operations. 

Yes, artificial dehydration conserves more of the nutrients 
than any other method, but it is too expensive. We must per- 
fect other means of curing that will give us just as good hay 
at greatly reduced curing costs. Brown or black hay is out 
because of the tremendous nutrient losses. Flue or mow cur- 
ing of hay points a way out but more work must be con- 
ducted in order to perfect the system. Hay crushing may be 
an aid in the system or other methods may be discovered. One 
fact is clear; these losses must be reduced. 

Now in the light of this discussion, what is the definition 
of quality hay? The best definition I can formulate is the fol- 
lowing: 

Quality hay is any legume or grass of economic value to 
livestock, grown on well-limed, fertile soils, cut in the early 
bloom stage, and cured rapidly with a minimum loss of nutri- 
ents and minerals. This hay is green in color, the leaves are 
intact upon the stems, has a pleasant aroma, and is free from 
dust. 

Hay with its teammates, grass silage or corn silage, form 
the roughage combination upon which the cattle industry of 
our country is based. In addition, hay plays a major role in 
the diet of horses and sheep and a minor but important role 
in the diet of swine and poultry. 

The economic production of winter milk is based on the 
feeding of quality hay in liberal amounts. An increase in the 
hay consumed by milking cows means a reduction in the 
grain requirements for maximum production. The difference 
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between the nutrient effect of poor quality hay and hay of ex. 
cellent quality on milk production may best be expressed in 
the following terms: For every ton of hay of poor qual ty a 
cow is forced to eat, 500 lb of additional grain must be fed 
to maintain production. The nutrients furnished by quality hay 
can be produced more cheaply than grain nutrients; there ‘ore, 


the soundest feeding economy is based on liberal feedir z of 
the cheapest nutrients. 


The greatest enemies of quality hay production are low 
soil fertility, the cutting of plants for hay when they ar: too 
mature, overcuring in the swath and windrow which c. uses 
bleaching, leaching losses due to rain, and the shatterir2 of 
leaves due to overhandling. Nutrient losses from any ove ot 


a combination of these causes may total from 20 to 5( per 
cent. 


A ton of excellent quality hay will contain better than 
1000 Ib of total digestible nutrients. Well-fertilized hay |.ands 
will easily produce four tons of hay per acre. If a farm has 
40 acres of its area in alfalfa and the average loss of nutr.ents 
is 30 per cent, that means a feeding value loss equivalent to 
48 tons of hay or 32 tons of dairy feed. At the price of «airy 
feed on today’s market, that would be $2,560. 


Our goal today is to develop means to reduce these losses, 
and dairy farmers will use the methods developed, if by fol- 


lowing them they can be assured a good return on their in- 
vestment. 


The plant reflects the nutrition of the soil; the anima! the 
nutrition of the plant. The human family in nutritional health 
is dependent to a large extent upon these same aninaals, 
through milk, butter, eggs, and meat. It is our challenge to 
devise means to protect this nutritional chain. 


Missouri Valley Development 


IX ANY basin-wide development, conflicting interests are bound 
to arise. Such comprehensive programs of necessity affect many 
interests and the welfare and desires of many people. Experience 
shows that we cannot give to each interest everything it wants. 
There always must be compromises, a give and take. 

The Army Engineers look to local, state, and regional organiza- 
tions to reconcile differences that may exist, to recommend adjust- 
ments that are reasonable and fair to all concerned, and to promote 
cooperative support. 

We have several excellent examples of cooperation at many 
levels—federal, state, and local. In the Missouri River two plans 
were integrated into a comprehensive program—a basin-wide plan 
prepared by the Corps of Engineers with flood control and naviga- 
tion as the primary purposes, but with corollary benefits through 
other water uses; and a program of the Bureau of Reclamation de- 
signed primarily for irrigation and reclamation. Here unity ot sup- 
port led by a committee of the ten states’ governors resulted in 
authorization of the over-all program. Appropriations mace by 
Congress for 1946 and 1947 have made possible the inauguration 
of work in the Missouri basin last summer on five multiple-purpose 
dams in five states, additional flood protection works ins: veral 
areas, and the inauguration of several Bureau of Reclamation proj- 
ects. Free expression of opinion is offered and fostered by a Mis- 
souri basin interagency committee, which meets once a mont!: and 
consists of field representatives of the Corps of Engineers, th De- 
partment of the Interior, the Department of Agriculture, the Fed- 
eral Power Commission, and four governors appointed to «epre- 
sent the ten states. 

Under a provision contained in the 1944 Flood Contro’ Act, 
the Corps of Engineers is authorized to construct, maintain and 
operate public park and recreational facilities in areas under engi- 
neer control. In formulating the program of development and man- 
agement for recreational uses, we are obtaining the views of fe eral, 
state, and local governmental agencies, and of other inte:ested 
groups and individuals. To insure an orderly development of all 
such potentialities in our various areas, we are preparing :astet 
recreational plans for the more important projects —Lt. Gen. Ray- 
mond A. Wheeler in the ‘Journal of the Western Society of Engi- 
neers” for December, 1946. 
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Mow- Drying Chopped and Long Alfalfa Hay 


By Roy B. Davis, Jr. 


JUNIOR MEMBER A.S.A.E. 


vestigations conducted during 1946 at the Virginia Agri- 

cultural Experiment Station in cooperation with the 
Farr: Electrification Division, U. S. Department of Agricul- 
ture. which included several problems of considerable interest 
in \.rginia and in many of the other states where hay is being 
mo dried. A comparison of the factors involved in drying 
chopped and long alfalfa hay was one of the major considera- 
tions This is a broad problem and although several observa- 
tions were made much remains to be done. 

I <perimental Equipment and Procedure*. Two drying 
bins vere provided in order that comparative tests might be 
made. Each of these bins (Fig. 1) had a floor of 8x8 ft and 
a de; th of 12 ft. The corners of the bins were rounded on a 
two-! ot radius and the inside walls were smooth and air- 
tight The floor was made of 3-in slats placed 6 in on center 
and ‘apported by joists. The outer portion of the floor was 
covered so that only one-fourth of the total floor area was 
open for the air to enter the hay. Each bin was mounted on 
recorling scales in order that a continuous record of the 
weight of the hay could be obtained. A plenum chamber was 
provided underneath each bin to reduce the effect of the ve- 
locity, or impact, pressure of the air before it entered the hay. 
To further reduce the effect of the velocity pressure a tapered 
expansion joint was used to connect the plenum chamber to 
the air supply duct. This joint contained an air splitter which 
was designed to reduce the turbulence of the air. 

The air supply duct was constructed to facilitate reliable 
air flow measurements and contained a thin-plate orifice and 
honeycomb straighteners. The thin-plate orifice and an in- 
clined differential pressure manometer was used to measure 
the flow of air. Each orifice was calibrated in place by both 
a velometer and anemometer traverse. The average of the two 
measurements was used to give the calibration curve for the 
orifice in use. The difference in the air flow, as measured by 
the two instruments, was relatively small. The air was sup- 
plied by a centrifugal blower 
driven by an electric motor 
through a variable-speed, V- 
belt drive. This drive allowed 
the speed of the fan to be varied 
to give the desired flow of air. 

If desired, the air entering 
the blower could be preheated 
by a stoker-fired furnace. In 
this case the air was drawn in- 
to a large duct, around the 
pipes of a heat transfer unit, 


Ts is a progress report of one phase of hay-drying in- 


This paper was presented at the 
Third Barn Hay-Curing Conference 
sponsored by the American Society 
of Agricultural Engineers at Chicago, 
Ill., December, 1946. 


Roy B. Davis, JR., is assistant 
agricultural engineer, Virginia Agri- woren 
cultural Experiment Station, and 
collaborator, Farm Electrification 
Division (BPISAE), U. S. Depart- 
ment of Agriculture. 


STRAIGHTENER 


VAR. SPEED 
ORIVE 


* The author desires to give credit 
to A. T. Hendrix, formerly agricul- 
tural engineer, U. S. Department of 
Agriculture, for his contribution to 
this investigation prior to his resig- 
Nation in June, 1946. 
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Fig. 1 A plan view of the experimental mow-drying installation 


over the warm-air furnace and to either or both of the blowers. 
The temperature of the air was thermostatically controlled at 
about 90F. The preheated air could be cut off by means of 
doors and air under existing atmospheric conditions could be 
taken in by either or both blowers. 

For the tests comparing chopped and long hay, each bin 
was initially filled with 4350 lb of alfalfa hay. The hay was 
brought from the field and divided at the bins. Half was 
chopped with a stationary chopper and pitched manually into 
one of the bins. The other half was placed manually in the 
second bin without having been chopped. Hay was spread as 
uniformly as possible and tramped around the sides and in 
the rounded corners of the bins to prevent excessive air flow 
at those points. The average length of cut of the chopped 
hay was 214in. The bin containing the long hay was filled 
to a depth of 8 ft 3 in and the chopped hay to a depth of 8 
ft4in. The moisture content of the long hay was 50 per cent 
and of the chopped hay 49 per cent, as determined by sam- 
pling and drying the samples in an electric oven. 

The intermediate points shown in Fig. 2 show the depth 
at which the weight of hay in each bin was equal on filling. 
As the long hay was placed in the bin, a net was spread 
across the hay at two-foot intervals of depth. The long hay 
was weighed and enough chopped hay was placed in the other 
bin to equal this weight. Then a corresponding net was spread 
across the chopped hay bin, allowing observations to be made 
on the amount of settling, quality, and other factors within 
each layer. During drying this initial filling settled to a depth 
of 5 ft 9 in in the chopped hay bin and 6 ft in the long hay bin. 

Without removing this dry hay, 1806]b of hay with a 
moisture content of 46 per cent was placed in each bin in the 
manner previously described. This increased the depth of the 
long hay to 10 ft and of the chopped hay to 9 ft6in. When 
this hay was dried, the long hay was 8 ft 8in deep and the 
chopped hay 8 ft 3in. When the hay was removed, the nets 
in the column of hay were at the points indicated in the “‘re- 
moval” column shown in Fig. 2. 
It was observed that the sub- 
sequent filling had compressed 
the initial filling of hay 4 in, also 
that less than 0.5 per cent of the 
weight removed from the bins 
during the drying of the second 
filling was removed from the 
initial filling. An important ob- 
servation, at least for these tests, 
was that the density of the chop- 
ped and the long hay in the bins 
was nearly equal. 

Rate of Drying. With the bins 
filled as outlined above, the rate 
of drying of the initial and sub- 
sequent filling is shown in Fig. 
3. To reduce the initial filling of 
chopped hay to 20 per cent mois- 
ture meant removing 1623 lb of 
water and required 104 hr of dry- 
ing with an air flow of 15 cfm 
per sq ft of floor area. This gave 
a rate of water removal of 15.6 
Ib per hr. Supplemental heat 
was used in both tests. Water 
was removed from the subse- 


Mii FO Re ae 
a * RON adh nS ee erik i: eee ; 3 See ae | 
| a = eae op tigate ee a a ee See saree ey ; 
Sie ae ate a . | eae a ay sateen: 2 SEO oe ge 
. , ee eo ee 
, ‘ ee Cee PA Ee rieereete. a ee Be pre a ; 
, ae = Ge | ee eg ah 5 
pedo ean S <3, UR “4 
|| 
1947 ee 
; 
. 
od ja | ee 
edin & 
| 
ity a 7 
c fed & Po 
y hay a 
e fore, 
roof 
> low 
‘too : 
cuses 
czof & 
reor i 
. 
sputter SS | 4 | 
a aS 
ORIFICE 
¢ 
. + 
. o 
| 
1 i) 
ae 2 
S eee 1G, OSM, 2 2h 2 gt ame ee oe ceed oa pee 2 eae Poles PUT 
Bs an ea ion. “ae ee ee oe eee, poietic ee. ee ee init Me | eee os eae é 
13 2 See ces Use ee 
He mee eo Se 
i! ie 2 


SS 


Eee 


: 


DEPTH -FEET 


4-4 " REMOVAL 


3- 3-8 4-8 REMOVAL 
FILLING FILLING 


FILLING PILLING 


Fig. 2 The intermediate points shown on this chart indicate the depth at 
which the weight of hay in each bin was equal on filling 


quent filling of chopped hay at the rate of 8.3 lb per hr. The 
long hay dried at the rate of 16.4 lb per hr for the initial fill- 
ing and 10.5 lb per hr for the subsequent filling. At first glance 
it appears that the chopped hay was slower to dry than the 
long hay, but when the temperature and humidity of the en- 
tering air is considered, it is noted that the temperature was 
lower and the humidity higher in the case of the chopped hay. 
This makes this comparison questionable. The difference in 
the tempesature and humidity of the air entering the chopped 
hay from that of the long hay was caused by a slightly longer 
air duct from the furnace to the hay and by its location in 
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Fig. 4 This graph shows the relation of air flow to static 
pressure 
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3 This graph shows the rate of drying of the initial and subse- 
quent filling 


Fig. 


the shadow of the roof of the installation. The duct leading 
to the long hay was shorter and was near enough the edge of 
the shed to absorb the heat from the sun during the day. This 
reduced the amount of heat loss from the latter duct. 


In both cases the hourly drying rate was lower for the 
subsequent filling than for the initial filling. It must be recog- 
nized that the depth of the green hay in the later filling was 
less, the initial moisture content lower, and the air leaving 
the hay less saturated by some 10 per cent. In other words, 
the moist hay was not sufficiently deep and did not contain 
enough water initially for the air passing through it to become 
saturated during the time the air was in contact with the hay. 


Air Flow Through the Hay. The observations of air flow - 
static pressure relationship were found to follow the results 
reported by A. T. Hendrix last year in his paper, entitled 
“Observations on the Resistance of Air Flow” (AGRICULTURAL 
ENGINEERING, vol. 27, no. 5, pp. 209-212, May, 1946). That 
is, when plotted on logarithmic graph paper, the points con- 
form very closely to a straight line as shown in Fig. 4. The 
relationship may be expressed by the equation Q = KP", 
where Q is air flow in cubic feet per minute per square {oot 
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5 Variations in the air flow-static pressure relationship plotted again:t 
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of floor area, P is the static pressure in inches of water, and 
K and » are constants for the given conditions of the test. In 
comparing the different tests under consideration it was noted 
that the value of the exponent » was higher for chopped than 
for long hay. An average of 18 observations of the relation- 
ship in chopped hay gave an exponent of.30.72 while com- 
parable observations in the long hay bin gave an exponent of 
0.62. This indicates that an increase in static pressure will 
give a larger increase in air flow through chopped hay than 
through long hay of equal density. 

When the variations of this relationship were plotted 
against the drying time, shown in Fig. 5, several interesting 
observations may be made. First, the static pressure required 
to ;roduce a given air flow usually increased as the hay set- 
tled until considerable drying had been done and then de- 
cre.sed as the drying continued. Second, that for approxi- 
maicly the same density of chopped and long hay the static 
pressure required to produce a given air flow was less for the 
chopped hay and this difference in favor of the chopped hay 
increased as the rate of air flow increased. 

he procedure used to reduce, as far as possible, the effect 
of ‘:e air losses along the sidewalls of the bins was essen- 
tial'y the same as that used by Mr. Hendrix in his studies 
in |45, reported in his paper already referred to. The area 
of the bin was divided into two equal parts. One part was a 
strip around the walls of sufficient width to contain half of 
the area, and the other was the remaining center portion of the 
bin. The mean of the corrected values of the anemometer read- 
ings taken in each of these areas was used to determine the pro- 
portionate part of the air passing out of the hay in each of the 
areas. Using the portion of the total air that passed through the 
center area of the hay, the air flow per square foot of this area 
was computed. The resulting air flow per square foot of the 
center area was used in determining the various relationships 
relating to the air flow. This procedure showed no difference 
in the side leakage between the chopped and long hay. 

Effect of Depth on Pressure Drop. When the observations 
of the static pressure—depth relationship made by probing 
were plotted on logarithmic graph paper they formed straight 
lines with few exceptions, as shown in Fig. 6. This indicates 
that the static pressure varies as some constant multiplied by 
the depth of the hay to some.power. This power appears to 
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Fig. 6 Observations of the static pressure-depth relationship plotted 
on logarithmic paper 
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be affected a great deal by the compactness of the hay. The 
several conditions of compactness produced noticeable differ- 
ences in the value of this exponent in both the chopped and 
long hay. The table in Fig. 6 gives the summary of the ob- 
servations of this relationship. When the chopped hay was 
compacted to 271 cu ft of 20 per cent moisture hay per ton, 
the exponent was 1.83; an increase of 30 cu ft in the volume 
of 20 per cent hay per ton decreased the exponent value to 
1.39. The variation in the value of the exponent in the long 
hay was similarly influenced. At present insufficient data pre- 
vent the establishment of the relationship between compact- 
ness and the value of the depth exponent. Usually, though 
not always, this exponent was of greatest value during the 
early stages of drying, decreasing to its minimum when the 
hay was dry. 

The effect of the compactness on the static pressure re- 
quired for a given air flow at the various depths is more clearly 
seen when the full equation of the pressure-depth relationship 
is plotted as in Fig. 7. Each curve represents the average 
value of the relationship as determined by at least three differ- 
ent observations at various times during the drying period. 
From Fig. 7 it is noted that 1 in static pressure will produce a 
flow of 15 cfm per sq ft of floor area through 51/ ft of chop- 
ped hay compacted to 271 cu ft per ton of 20 per cent hay, 
through 514 ft of long hay of 277 cu ft per ton, and through 
81, ft of chopped hay at 301 cu ft per ton, while 1/ in static 
pressure produces the same flow of air through 614 ft of long 
hay at 312 cuft per ton and through almost 11 ft of long 
hay at 351 cu ft per ton. 


While sufficient data are not available to establish a fixed 
relationship between the degree of compactness and static pres- 
sure for a given depth or depth of hay for a given static 


TABLE 1. OPERATING COSTS OF DRYING 
(Per ton of hay of 20 per cent moisture) 


Inital Drying Electricity Heat Operating 
moisture, time, cost cost cost 

Test per cent hr per ton per ton — per ton 
3 - A (Chopped) 49 104 $ .41 $ .60 $1.01 
3 -B (Long) 50 100 47 84 1.31 
4- A (Chopped) 46 70 38 1.07 1.65 
4-B (Long) 46 55 56 1.12 1.68 


Note: Electricity, 2c per kw-hr; coal, $8.00 per ton. 
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Fig. 7 This graph shows the effect of compactness on the static pressure 
required for a given air flow at various depths 
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Observations on Cost of Drying. To the hay producer one 
of the primary elements in the comparison is the cost of opera- 
tion. This comparison for the tests under consideration is 
shown in Table 1. These costs were determined on the basis 
of the cost of electricity at 2c per kw-hr and coal at $8 per ton. 
Using this information, these costs may be adjusted to the 
various sections of the country by using the prevailing rates of 
electricity and coal in each section. When studying the figures, 
care must be used to recall the drying conditions under which 
these tests were made. In test 4 the green material was dried 
on top of the dry hay from test 3. This required the fan to 
operate against a higher average static pressure and increased 
the cost of the electricity per ton of hay dried from 41 to 58c 
for the chopped hay and from 47 to 56c for the long hay. A 
lower outside air temperature during the drying period of test 
4 increased the cost of the heat for this test. These costs are 
also affected by the reduced rate of water removal due to the 
lesser depth and the lower initial moisture content of the hay 
in test 4. Within each test there are also differences to be 
considered. In both tests the amount of heat supplied to the 
chopped hay was less than that supplied to the long hay which 
reduced the drying times for the long hay. This reduction in 
drying time was sufficient to make both the electricity cost and 
the heat costs in test 4 about equal. In test 3, however, this 
reduction was not as great and both costs favored the chopped 
hay. 

Comparison of Quality. A glance at the ‘‘yardstick” of the 
quality of the hay produced will bring to a close this compari- 
son of chopped and long hay. Table 2 shows the grades of 
the samples of hay, taken from comparable layers in both the 
chopped and long hay bins. The grades were determined by 


TABLE 2. COMPARISON OF QUALITY 


Depth Per cent Per cent 
as filled, Grade leafiness green color 
Test ft c Zz eS © c tL 


USNo. lextra USNo.1 extra 

2-4 ~ greenalfalfa green alfalfa 45 45 80 90 
USNo. lextra USNo. 1 extra 

0-2 ~~ greenalfalfa green alfalfa 45 48 80 95 


, USNo.1 USNo.1 
8-9 alfalfa alfalfa 45 40 65 70 
USNo.1 USNo.1 extra 
6-8 alfalfa green alfalfa 45 40 70 75 
USNo.1lextra USNo. 1 extra 


3 4-6  greenalfalfa green alfalta 40 40 75 85 
USNo.1extra USNo.1 extra 

2-4 leafy alfalfa green alfalfa 45 40 80 80 
USNo. 1lextra USNo. 1 extra 

\ 0-2  greenalfalfa green alfalfa 45 40 80 85 


the grain branch of the USDA Production and Marketing Ad- 
ministration. Table 2 is so arranged to show the vertical rela- 
tionship of the samples as they were dried in the bin. Only 
twice is there a difference in the grade placed on samples from 
comparable layers. In test 3 the chopped hay in the layer ex- 
tending from 2 to 4 ft from the bottom of the bin was graded 
“extra leafy’, while the comparable sample of long hay was 
gtaded “extra green’, and the 6 to 8 ft layer of long hay was 
graded “extra green’, while its mate in the chopped hay failed 
to meet this requirement. 

Several differences are noted when the per cent leafiness 
of the alfalfa and the per cent green color are considered. In 
six of the seven samples the chopped hay was graded to be as 
leafy or leafier than the long hay. It is felt that the cause of 
this increase in leafiness is not the method of preparation for 
drying but the loss of leaves from the long hay samples after 
they were dry. The leaves lost when the plants were sepa- 
rated from the mat in which they dried could easily have been 


aks 
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the cause for the lower percentage of leafiness. It is also noted 
that the percentage of green color favors the long hay by sev- 
eral points although in only one case is the difference sufficient 
to alter the grade. There appears to be at least two lovical 
reasons for this higher green color in the long hay. The first 
is the slightly shorter drying time for the long hay which 
would preserve more the green color, and the second is that 
the bruising of the plant by chopping may crush some 0: the 
cellular structure to the extent that enzymatic action can : ore 
readily destroy the chlorophyll. Either of these reasons or a 
combination of the two may be sufficient to account for the oss, 


SUMMARY 
In summarizing it is well to note that the results rep rted 
in this comparison cannot be deemed conclusions, but are 
merely limited observations. Further investigations may sub- 
stantiate or modify them. Some of the major points o! the 
comparison, however, are as follows: 


1 The resistance of chopped and long hay to the flo-y of 
air as expressed in terms of the quantity of air forced through 
a given depth by varying static pressure may be expresse.| by 
the equation Q = KP; the value of » is slightly highe: for 
chopped hay than for long hay. 


2 The static pressure required to produce a given air ‘low 
through chopped hay is slightly less than that required to force 
the same quantity of air through long hay of the same density. 


3 The compactness, or density, of both chopped and !ong 
hay influences the static pressure-depth relationship to a 
marked degree. 


4 The static pressure-depth relationship follows the same 
form as the air flow-static pressure relationship in both long 
and chopped hay, and the value of the exponent approaches 
unity as the density of the hay decreases. 


5 The operating costs of drying favor the chopped hay by 
an exceedingly slight margin. A variation in the rates of coal 
or electricity from those used in this comparison may easily 
change this margin. 


6 A comparison of the quality of the finished product re- 
veals little difference between the chopped and the long hay. 
Even the slight advantage held by the long hay may easily be 
caused by the difference in the temperature and humidity of 
the air entering the bins. 


Heat in Barn Hay Curing 
(Continued from page 97) 


The damage occurring during this period will usually ore 
than offset the extra cost of drying the hay from a high initial 
moisture content. 


The cost of installing gas heating equipment on the . ver- 
age farm hay-curing system with a single-inlet fan is app: oxi- 
mately $100, including $50 for a burner, $35 for a semicuto- 
matic control system, and $15 for the intake tube. Oil, ‘oai, 
and wood furnaces suitable for this application cost ‘rom 
$300 to $700. The cost of labor required to service the <oal 
and wood furnaces is a considerable item. 


The heating equipment should be of sufficient size to »ro- 
vide approximately 20 to 21 Btu per 1,000cu ft of air for 
each degree the air is heated. 


There is much research yet to be done in the whole ield 
of barn curing of hay. At the present time, from the st nd- 
point of drying with heated air, additional informatio. is 
sorely needed as to the optimum relationship between ‘cm- 
perature, volume of air, and rate of drying. The most cri ical 
unknown factor is the rate of diffusion of moisture from the 
interior to the surface in various types and forms of ha’ at 
various temperatures and air velocities. 
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Radiant Heating for Broiler House 
By John B. Eshelman 


ASSOCIATE A.S.A.E. 


HIS paper will deal with the methods of poultry hous- 

ing employed on our Red Rose Experimental Farms. 

There is and likely always will be something to learn 
about growing poultry and producing eggs. Just as it has 
been our policy to operate our feed manufacturing plant in 
the most efficient way, so has it been our aim to operate our 
Red Rose Experimental Farms in the most economical and 
efficent manner, saving no expense in experimenting with 
feecs, with raw materials, and with housing or anything else 
that has promise for profitable and successful farming. 

\We are growing in our poultry plants about 150,000 broil- 
ers -anually and maintain about 4,500 laying hens. The broiler 
houses have been changed from the original in many ways. 
First, our original houses were built with ten pens to a floor, 
eacl:) 24x24 ft, which was the popular way of building houses 
at that time. Each pen would take care of 800 birds. Later 
we removed the partitions from these pens and ran 10,000 
birds in one open house and found this, after running a num- 
ber of lots, to be a great improvement. It required less labor, 
less expense, and less building material. The chickens were 
more quiet, the house was less crowded, and when the chick- 
ens were removed, the house was easy to clean. Altogether, 
we highly recommend this larger, open-type coop. 

Second, we had too much light entering our original coops. 
We tind that our chickens are less irritable, more peaceful, 
get into less trouble from picking and similar conditions, with 
a minimum amount of light. 

Third, our original pens were ventilated through the open- 
ings, doors and windows. We experimented with forced venti- 
lation by means of fans equipped with a thermostatic control 
and are now using this system with good results in all of our 
houses. We have found it to be more foolproof, and there 
have been fewer colds in the flock due to a more efficiently 
maintained temperature. Sudden changes in temperature and 
changes in the direction of air currents are not felt so keenly 
as when we depended upon regulating the openings for ven- 
tilation. 

Last January we had a fire at the farm and our newest 
two-story broiler house burned to the ground. Amidst trying 
to locate building materials, carpenters, plumbers, etc., to 
build another house, we conceived the idea of using radiant 
floor heat instead of employing brooder stoves. Of course this 
radiant heat was not a scientific discovery on our part. Two 


This paper was presented at a meeting of the Pennsylvania Section 
of the American Society of Agricultural Engineers at State College, Pa., 
October 30, 1946. 

JouN B. ESHELMAN is a member of the firm of John W. Eshelman 
and Sons, owners and operators of Red Rose Experimental Farms. 


thousand years ago the Romans used a form of radiant heat 
at Bath, England. About forty years ago this type of heat- 
ing was rediscovered in England by a man, A. H. Barker, who 
noticed that one of the rooms in his house was kept comfort- 
ably warm by a furnace flue which ran through the wall. 
Since that time radiant heating has slowly gained popularity 
and today it has a great future. There are several thousand 
dwellings, churches, and industrial plants heated in this man- 
ner now, but we believe there is only a small number of poul- 
try houses so equipped. 

Our new house was completed about three months ago. 
It is a two-story, asbestos shingle house, 267 ft long and 27 ft 
wide, with no separations or pens. The first floor ceiling is 
aout 7 ft high and the second floor ceiling is 6 ft 9in at the 
lowest point and 9 ft 3in at the highest point. It will house 
from 20,000 to 25,000 broilers. 

After much searching for materials, the building finally 
got under way and the base foundation of the recently burned 
house was used. This foundation was four inches of concrete. 
A cellar was dug just off center of the construction, measuring 
30x30 ft. Here two Weil-McClain, six-section coal furnaces 
were installed. Each furnace is equipped with a Fuel-Saver 
stoker using buckwheat-sized coal. Each furnace feeds eight 
outgoing pipe lines from its boiler. Hot water circulates 
through 114-in welded steel pipes embedded in the concrete 
floor. The concrete covers the top of the pipes approximately 
1 to 2in. The pipe is laid 15 in apart and 7 in from the sides 
of the building. There are more than three miles of pipes 
in this house. 

On one floor only, by way of illustration, are eight sepa- 
rate coil sections of pipe traveling lengthwise through the 
building. There is one Bell & Gossett 1/6-hp circulator pump 
for every two sections of pipe. These circulators are located 
on the return line and feed return water back to the boiler. 
Each furnace has four circulators. In the event one furnace 
fails or breaks down, the other furnace can be used to main- 
tain heat in the entire building. This is manipulated by adjust- 
ing valves so that all water flows to and from one boiler. On 
every return line there is also a Bell & Gossett air-release valve 
to prevent air locks in the system. The water flows through 
these lines at a temperature of 120 to 125F. Of course the 
weather has not been cold enough to warrant any more heat 
than that, but we believe the temperature will run around 135 F 
during colder weather. This temperature maintains room heat 
of 80 to 90F. 

There are four room-temperature thermostatic controls on 
each floor located an equal distance apart along the center of 
the building. Also, on each floor there are six ventilating fans, 
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The second building from the left in this picture is the new radiantly heated broiler house on the Eshelman farms 
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Left: Second story of the radiantly heated Eshelman broiler house nearing completion. Note hot water pipes in foreground e Right: Over 4,000 
one-day-old baby chicks are placed in new radiantly heated broiler house 


each controlled by a wafer-type thermostatic control. These under any brooders to keep warm. This eliminates crow ding. 
are 1/6-hp, 16-in blade, four-blade, air-vent fans with high and Obviously there are no fire hazards and no carbon monoxide 
low-speed settings. poison can be encountered. The litter, since it is dry, is more 

When this building was finally started, it took only about valuable for fertilizer. The familiar ammonia odor is prac- 
ten weeks to complete the construction. The house was in- tically eliminated and the actual heating cost during operation 
sulated at the ceiling of the top floor only. Slightly heavier is comparable to that of brooder stoves. Mold germs cannot 
joists and supports were needed to support the second story multiply in the dry litter and cannibalism is not encouniered 
because of the weight of the pipes and cement. We raised the because there is no overheating or overlighting. 


cement up to the second floor by means of a hydraulic lift It wouldn’t be fair to say that this system is perfect, how- 
constructed on a farm tractor. 
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ever. We encountered a good deal of dust when the chickens ) 7 
The first flock of broilers are still in the house, and they Were about three weeks old. At that age they were very active ” 
are a little more than eight weeks old. We buy the baby and stirred up quite a bit of the dried litter. Although the 
chicks the same day they are hatched and their age of ma- Chicks had no ill effects from this, it was disturbing for a time. vw 
turity for the broiler market is about 13 weeks. In order to Another disadvantage of the system as it is installed in our - 
prepare for the incoming baby chicks we spread a thin litter poultry house is one of a technical nature. The pipes in our f 
of clean peanut shells directly on the cement floor. We also house are laid lengthwise along the house. Because of this, =i 
put two strips of wrapping paper along the entire length of _ it is very difficult to heat one end of the house only. We feel it | 
the building. On this paper we place chick grains for the first that, if the pipes were installed laterally, it would be a simple sto 
feeding and that is about the extent of our preparation. For matter to heat one end of the house. Of course, there are . 
this present flock, we purchased 28,750 chicks and placed other ways by which this disadvantage could be overcome and d 
14,700 on the top floor and 14,050 on the bottom floor. This My engineer can figure them out. 0 
gave each bird approximately 1/, sq ft at the start. Since this A few pertinent facts about the method of raising poultry ho 
became more crowded as the chickens grew, we moved, at in this new house are as follows: S 
seven weeks of age, about 4,000 birds from each floor to an- There are only 3500 lb of peanut shells on one floor. In ie 
other house equipped with brooder stoves. Of course, by this our former brooder houses we placed three tons of this ma- ; 
time the birds did not need any heat at all. In the meantime, terial on one floor and usually added, during the growth of yr 
we had lost 2 to 24%4 per cent of the birds in the first six the chickens, up to two more tons of litter. This in itself is 
weeks, but at least 100 of these were cripples and had to be quite a saving. i 
e killed. After moving the surplus birds, the chicks then had There is 210 ft of drinking space on one floor. : 
if approximately 34 sq ft each. There are ninety 4-ft feeders and ninety 5-ft feeders on 
: The advantages of the radiant heating system, which we one floor. ; 
have proved to ourselves, are numerous. Probably the most im- There are twelve 714-w bulbs, which are lighted at night, P 
portant advantage is that the litter is kept dry at all times; on each floor. q 
as a matter of fact, the litter is very much like a dried powder. There is a track used for carrying feed to the feed hoppers. 
Naturally this eliminates a breeding spot for many germs. The temperature in the house itself has been maint.ined fa 
Coccidiosis, colds, fowl cholera, and brooder pneumonia are at about 85 to 90F for the first week and at about 80 to 85F of 
a few of the most important diseases which are spread through for the next five weeks. ca 
damp litter. This fact in itself is enough to warrant, to us, It is interesting to note that, at the same time we paced 0 
the added cost of employing radiant heating. Coccidiosis is baby chicks in the radiantly heated house, we also p aced 
probably the most important of the above-mentioned diseases. chicks at the same age in another house equipped with brooder it 
When it hits the flock, it may not cause a high mortality rate, stoves. The chicks in the radiantly heated house have had v 
but it does retard the rapid growth of the young chicks, which absolutely no diseases whatsoever. The chicks in the brooder a 
is so desirable in the broiler business. It also requires medical stove house have been flushed three times for mild attac\s of tr 
attention in the form of a flushing mash, medicine, epsom coccidiosis. 
salts, or some similar treatment. Naturally, if a flock does not All in all we believe that this modern type of house will i 
encounter coccidiosis, much time and money is saved. There be a great advantage to the broiler business because o! the 5 
are other advantages, however. Because there arenobrooder points which I have mentioned and also because of the ease 
stoves to tend, this system is labor saving. The chicks remain of installation. We feel that the cost of such a system will \ 


spread out evenly over the floor since they do not have to get soon be absorbed by added profits. d 
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Economics of Farm Freezers 
By Lenore E. Sater 


there is a great deal of controversy, and one which, I am 

afraid, cannot be answered simply. One only needs to 
talk to farm families who are using home-freezing equipment 
to realize that for some families the farm freezer may be an 
economical investment or may even become an income-pro- 
ducing piece of equipment, while for others it will be a luxury. 
Its economic value to the farm family depends on a number 
of ‘actors, such as the needs of the family, the kind of equip- 
ment selected, the power rate, and the way they use the equip- 
men:. Unfortunately, few families keep records and studies to 
date on savings due to using home-freezing equipment indicate 
tha: most conclusions are based on family opinion rather than 
on actual records. 

. brief study of the last OPA ceiling prices of farm-freez- 
ing equipment and the records available on operating costs 
along with a few simple calculations make one realize how 
important it is that the farm family analyze its own situation 
carefully before deciding upon the type of freezing facilities 
they will use, and the type of equipment they will purchase. 

in the light of present consumer acceptance of frozen food, 
it seems safe to base any discussion of home freezing on the 
assumption that farm families will prefer to freeze that por- 
tion of the family food supply which lends itself to freezing, 
rather than to preserve it by other methods. 

In attempting to analyze the problem, we are immediately 
confronted with two conditions: the farm family that does not 
have access to a community locker plant and the one that does. 

Since the initial cost of home-freezing equipment and cost 
of operation vary not only with type but also with capacity, 
it is necessary to know the approximate freezing and frozen 
storage space required before a 
reliable comparison of the cost 
of using different types of freez- 
ers or a comparison of using 
home freezers against the lock- 
er plants can be made. This is 
one of the most important prob- 
lems facing the manufacturer 
of home freezers today and a 
factor about which there is little 
information. Some authorities 
have attempted to calculate 
frozen storage requirements on 
the basis of the present canning 
Practices which is about 230 
qt* per family, 35 per cent of 


T* economics of farm freezers is a subject about which 
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An 11-cubic-foot International Harvester freezer installed in an 
Iowa farm home 


which is not suitable for freezing. Allowing 30 lb per cu ft, 
this method of calculation gives a storage requirement of 
around 214 cuft per person. Other authorities have made 
their calculations on the basis of the recommended food preser- 
vation budget for an adequate diet. This method takes into 
consideration regional differences as the proportion of the 
total requirements of fruits and vegetables that will be frozen 
will depend largely on the length of the growing season. Spe- 
cialists in New York state have estimated its growing season 
as approximately 4 months. This necessitates storage facilities 
for an 8 months’ supply of fruits and vegetables. With a 
weekly requirement of 714 1b, 240 lb per person will be re- 
quired for the 32 weeks. If 50 per cent of the total require- 
ment is eaten fresh or stored in other ways than freezing, 
120 lb per person go into frozen storage. Because of the short 
growing season, New York specialists estimate that the entire 
amount may be in the freezer at the end of the summer sea- 
son. For meat they estimate that about 75 per cent of the 
required 156 lb per person will be frozen and that about half, 
or 58 lb, will be in the freezer at one time. This makes a 
total of 178 lb per person to be stored. With a storage allow- 
ance of 30 lb per cu ft, 5.9 cu ft per person is required. 


The few field studies which have been made on frozen 
storage requirements definitely show us that canning practices 
cannot be used as a basis for establishing frozen storage re- 
quirements. They indicate that the storage requirements based 
on an adequate diet may more nearly approach the present 
freezing requirements. For example, families in New York 
state say they need around 5 cu ft per person. These same 
studies show that the “turnover” of food in the freezer varies 
widely, depending on such factors as the length of the grow- 
ing season, the eating habits of 
the family, and the manage- 
ment practices used by the 
homemaker. They also show 
that the quantities of food 
frozen increase with use of the 
freezing facilities. This probab- 
ly is due to the higher quality 
of most frozen foods, to the 
fact that some foods such as 
strawberries which do not can 
well are excellent frozen, and 
the comparative ease of pre- 
paring foods for freezing. 

While home-freezing prac- 
tices have not been established 
nor have sufficient studies of 
present regional requirements 
been made to give us a figure 
applicable to the country as a 
whole, the figure of 6 cu ft per 
person gives us a satisfactory 
figure for comparing the use of 
different types of equipment. 
Let us consider first the family 
that does not have access to 
a locker plant. For a basis of 
comparison we will assume that 
an average family of four will 
require 24 cu ft of frozen 
storage space. The type of 
equipment the family selects 
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should depend on the type of foods and the quantities they 
wish to freeze at one time. For the family that wishes to 
freeze only fruits, vegetables, poultry, and small quantities of 
pork, a chest or vertical type freezer will be satisfactory. The 
freezing capacity of a cabinet of this type and size is limited. 
Results of work in our laboratory indicate that in a 24-cu ft, 
chest-type cabinet not more than 40 to 50 lb should be frozen 
at one time. The freezing of larger loads raises the stored 
frozen food to temperatures considerably above OF and for 
such periods of time that the quality of the stored food is 
lowered. Cabinets of this capacity, 23 to 25 cu ft, cost from 
$400 to $860. Of the 15 models ranging in capacity from 23 
to 25 cu ft listed in the September 30, 1946 issue of ‘AiR Con- 
DITIONING AND REFRIGERATION News’, the average OPA 
ceiling price was $723. If we assume the life of the cabinet 
to be 10 years, interest at 4 per cent, upkeep 2 per cent, and 
operating cost 150kw-hr per month at 3c, it will cost the 
farm family approximately $170 a year to own and operate 
such a cabinet. If the turnover in the cabinet is 114 times, the 
family will have used a little over 1000lb of frozen food 
which will have cost them approximately 17c per pound for 
freezing and storage. If the turnover is increased to 2 times 
instead of 114, the cost drops to approximately 12c per pound. 

If this same family wishes to freeze beef, a two-tempera- 
ture, walk-in type cabinet should be selected as it provides a 
cooling compartment for aging. At the present time only one 
manufacturer lists a walk-in type with a freezing and storage 
section as small as 24 cu ft. While a two-temperature, walk-in 
cabinet will provide a temperature for aging meat, one with a 
24-cu ft freezing section is subject to the same freezing load 
limitations as the chest or upright cabinets of that size. How- 
ever, half of a beef could probably be frozen satisfactorily in 
a cabinet of this type because the 35-deg compartment would 
make possible stretching the freezing period over several 
days. The retail ceiling price of the one cabinet of this ca- 
pacity being manufactured at the present time is $995. 


EXPERIENCES WITH WALK-IN CABINETS 


Experiences of families who have used two-temperature 
walk-ins show that if they do their own butchering it is more 
satisfactory to have a cabinet with sufficient capacity to freeze 
a whole hog or a whole beef. Because of the high initial cost 
of commercially built walk-in cabinets with this capacity, 
specialists in a number of states have developed plans for 
home-built cabinets. In several states, cabinets of this type 
have been in operation 8 to 12 years and are proving highly 
satisfactory. The zero space in many of the cabinets ranges 
from 50 to 160 cu ft, with the 35 deg cooling compartments 
ranging from around 150 to 600 cu ft. The cost of building 
these cabinets varies, depending on the design, capacity, and 
materials used. 

The State of Washington, which pioneered in this field and 
which I believe has as many home-built cabinets as any state 
in the country, reports the prewar cost of walk-in cabinets 
built by the farmer himself as follows: 

Materials and refrigeration equipment for a cabinet 
with 50cu ft of OF and 425 cu ft of 35F storage—$350 
to $500. 

For a cabinet with 100 cu ft OF and around 600 cu ft 
of 35F storage—$600 (approximately ). 

Reports from this same state show an average energy con- 
sumption over a period of 8 years of 93 kw-hr per month for 
a cabinet having 72 cu ft of zeroF storage and approximately 
635 cu ft of 35F storage. 

Assuming prewar cost of a walk-in cabinet having 75 cu ft 
of zero storage and around 600 cu ft 35F storage to be $550, 
on the same basis as previously calculated, it would have cost 
the farmer $121 per year to own and operate. If we assume 
that building materials have increased 60 per cent, a similar 


we 
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cabinet built today would cost around $174 per year, ox ap. 
proximately the same as a commercially built 24-cu-ft chest 
or vertical-type cabinet. If we charge the cost of owning and 
operating to the zero compartment with a turnover o! 1), 
times, a cabinet of this size would make possible the st rage 
of around 3375 lb of frozen food at a cost of Sc per pound. 
While the cost of owning and operating the two types of 
cabinets is approximately the same, the home-built, walk-in 
cabinet provides three times the freezing and storage cap «city, 
and in addition provides for chilling and aging of meats. It 
also gives room for the short-time holding of considerable 
quantities of perishable food products, thus making possible 
prolonged use of fresh foods in the family diet and >ften 
higher quality marketable produce. In addition for the home. 
maker who sells fresh fruits, vegetables, poultry and airy 
products in a roadside stand or local market, it makes possible 
the preparation of the food the day before and eliminates 
getting up at 2 and 3 o'clock in the morning in order to have 
the food fresh and ready for the 8 o'clock market. This type 
of home-freezing equipment because of its dual use is more 
apt to pay for itself and become income producing than the 
chest or vertical cabinet. 

Now for the families that have access to the community 
locker plant. Their problem is threefold: (1) Shall they use 
the locker plant and all of its facilities, (2) shall they have 
their own freezing facilities and prepare their own food, or 
(3) shall they use a combination of the two methods? The 
general concensus of families who have been using locker 
plant facilities seems to be that in making a decision one 
should consider other factors in addition to cost. 

As a result, let us consider the advantages and disadvan- 
tages of using the locker plant. The three chief advantages 
which stand out are the smaller cost per year, the elimination 
of work for the farm family, and less danger of spoilage of 
food due to a breakdown in refrigeration facilities. Twenty- 
four cubic feet of locker storage can be rented at a price 
ranging from $40 to $80 per year, the average being around 
$50. To this must be added the cost of slaughtering, chilling, 
cutting, wrapping, and freezing of meat, curing and smoking 
hams, shoulders, bacon, etc., rendering lard, grinding sausage, 
the dressing, chilling, wrapping and freezing of poultry and 
the packaging of fruits and vegetables. One authority has 
estimated the cost of handling two hogs (320 lb), one beef 
(328 lb) and 20 chickens—a total slightly over the estimated 
amount to be stored for a family of four—to be about $34, 
with $8 for freezing 480 lb of fruits and vegetables. 


COSTS OF TRANSPORTING FOOD 


Next comes the cost of getting the food to and from the 
locker plant. Since the conventional type of househol:! re- 
frigerator does not provide storage space for more than « few 
packages of frozen food at one time, extra trips to ‘own 
usually must be made to take the food to the locker and to 
get it home. The cost of this is difficult to estimate. I! we 
assume 10 miles per week at 4c a mile, it comes to around 
$20 per year. This makes a total cost of $112, a money s.ving 
over using the 24-cu-ft home cabinet of around $58 per year 
plus the time and energy of preparing the food. At a sli zhtly 
increased cost the extra trip to town can be eliminated and 
greater convenience gained if the family will purchose 4 
household refrigerator with a frozen-food compartment. ‘ hese 
usually vary in capacity from 114 to 2cuft and will store 
from 45 to 60 lb of frozen food. At the present time we do 
not have much information on the initial cost and cost of 
operation of cabinets of this type. The cost will probab.y be 
$75 to $100 more than the conventional refrigerator and will 
use around 30 kw-hr more per month. If we assume the «ddi- 
tional cost to. be $100 and the energy consumption 30 kw-hr 
per month, it will cost the family (Continued on page (15) 
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Conversion of Used Milk Coolers to Home Freezers 
By Thomas B. Tracy 


rural areas of the northern states, have converted 
used milk coolers to home freezer storage cabinets. 
These constructions have had varying degrees of success. The 
author has inspected several of these units in New York 


D=: recent years many people, particularly in the 


State, and while most of them are working satisfactorily at 
prescat, it is evident that troubles of a more or less serious 
nat-re are probable because of failure to follow certain 
pra: ces. 

‘There is an acute need for information on converting a 
mil cooler to frozen food storage, both to guide those plan- 
nine such a construction and to forewarn those who are now 
usin. improperly converted coolers. The purpose of this paper 


is t point out certain fundamentals of construction which 
shoud be followed during the change-over from the milk 
cool:r to the home freezer. If these fundamental rules are ad- 
here to, there is no reason why a used milk cooler cannot be 
successfully adapted as a home freezer. 

fisulation. In general, milk cooler cabinets are made with 
3 to 314 in of insulation in the bottom and sides and little or 
no insulation in the top or lid. Since milk coolers are designed 
to reduce the temperature of a given quantity of milk to ap- 
proximately 5OF (degrees Fahrenheit), and because they will 
be located in fairly cool surroundings, 3 in of insulation has 
proved adequate. However, when this same cabinet is to be 
used for a home freezer, the situation is quite different. Here 
OF must be maintained for proper food preservation. 

To insulate the frozen food cabinet effectively, at least 6 
in of a good quality insulation should be used in the sides and 
bottom of the cabinet, and 3 to 4 in in the lid. 

Insulation may be purchased in three distinct types: (1) 
loose fill, (2) batts, and (3) solid or sheet form. Of the 
three, the batt or sheet form is to be preferred for converting 
the milk cooler. Loose-fill insulations for a job of this kind 
are difficult to handle properly and have the further disad- 
vantage that they tend to settle over a period of time. 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 
It is based on one of the series of studies supported largely by the Buf- 
falo Niagara Electric Power Corp., Carrier Corp., Central Hudson Gas 
& Electric Corp., Central New York Power Corp., Consolidated Edison 
Co., of New York., Long Island Lighting Co., New York Power & 
Light Corp., New York State Electric & Gas Corp., Rochester Gas & 
Electric Corp., and Staten Island Edison Corp. The studies are being 
carried out under the direction of a committee appointed from the staff 
of Cornell University, consisting of Dr. L. A. Maynard (chairman), 
Dean E. Lee Vincent, Dr. C. E. F. Guterman, Dr. A. J. Heinicke, and 
Dean S. C. Hollister. 


THomMas B. Tracy is mechanical engineer, School of Nutrition, 
Cornell University. 
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Fic 1 Construction details of the floor of a converted milk cooler 


Because the batt form is generally less expensive and just 
as effective as the sheet form, consideration as regards con- 
structional details has been given this type. 

Vaporproofing. The insulation of all the low-temperature 
cabinets should be lined on the outside or warm side with as 
perfect an envelope of vaporproof material as possible. Unless 
the insulation is so protected, water vapor from the air will 
flow or migrate from the warm exterior towards the cold in- 
terior. At some point in its travel, the temperature will be 
low enough to cause this water vapor to condense. Farther 
along in its travel (close to the interior) the temperature will 
be cold enough to form ice. And so the insulation will gradu- 
ally soak up the condensed water vapor. This means a serious 
decrease in effectiveness of the insulating materials. Eventu- 
ally it will result in an ever-increasing operating time of the 
condensing unit, and finally a gradual increase in the cabinet 
temperature. 

One of the best schemes for vaporproofing employs the use 
of some asphalt-bonded paper. There should be two layers 
of this paper to insure a good vapor barrier. A good method 
to follow in applying this paper is to put one course of paper 
down and cover it with a generous application of asphalt 
roofing paint. When this paint has dried to a “tacky” finish, 
the second course of paper may be applied to the “tacky” 
surface just described. The second course of paper should 
then be covered with the asphalt paint. Following this, any 
corner or edge where complete overlapping of the paper is 
doubtful should be caulked. Any good caulking compound 
can be used. A good quality linoleum cement is a satisfactory 
substitute. Finally, the outside covering can be put on. 

Present Wet Insulation. The foregoing points out the 
necessity for adding insulation and for protecting this insula- 
tion from being “soaked up” by the condensation of water 
vapor. One is also concerned with the insulation already 
present. 

It is possible that the old insulation may be used as it is. 
By removing the sheet metal cap which covers the top plate 
of the cabinet and then removing one of the wooden plates, 
the insulation will be exposed and can be examined. If it ap- 
pears wet, it is advisable to replace it or “freeze it dry.” 

If small holes are drilled in the inside liner of the cabinet, 
the moisture from the insulation will travel to the cold plates 
inside the cabinet forming frost on these plates. In the same 
way that frozen clothes dry soft on a cold winter day, so will 


SHEET METAL CAP 
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Fig. 2 Construction details of the walls of a converted milk cooler 
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the frozen and wet insulation dry under the conditions indi- 
cated. It may take several weeks to complete this “drying” 
period, during which time the plates may have to be scraped 
of the accumulated frost several times. 

Examine the condition of the inside liner very carefully. 
Evidence of severe corrosion probably means that water has 
gone through into the insulation, creating a wet and sodden 
condition. It is best to remove and replace all old insulation 
in a case of this kind. To do this, remove the outside sheet 
metal liner, which will allow the old insulation to be removed 
easily. After replacing this with 6 in of new insulation, there 
will be no need to replace the outside liner. The vaporproof 
paper and outside covering material will take its place. 

Adding Insulation to Interior. It is possible to add insula- 
tion to the sides and bottom of the cabinet on the inside liner. 
If possible, 2-in sheet cork should be used and fastened to the 
wooden frame pieces by means of 3-in galvanized nails. The 
cork can be plastered and painted if desired. The disadvan- 
tage of this method is the necessary decrease in the internal 
volume. In a cabinet which originally measures 33x22x29 in, 
or 12.2 cu ft, adding insulation to the interior reduces these 
dimensions to 29x18x27 in, or 8.16 cu ft, a decrease of 33 per 
cent. If the insulation is added to the interior, the sheet metal 
seams of the outside liner should be soldered or caulked. 

Framing Construction to Provide Added Insulation. The 
logical starting place for the necessary frame structure to hold 
the added insulation is the floor. Since 3 in of insulation are 
to be added, the dimensions of the floor should exceed the 
outside bottom dimensions of the cabinet by 6 in each way. 

Referring to Fig. 1, when the flooring has been screwed to 
the runners, it should be generously covered by a good quality 
asphalt roofing paint. Meanwhile the asphalt-bonded paper 
should be cut into lengths sufficiently long that they will ex- 
tend over the edges by at least 4in. This will permit proper 
lapping of the paper which will line the outside walls. If the 
first layer of paper is laid down in the same direction as the 
floor boards, its length should be at least 8 in greater than the 
width of the floor. The runners referred to are necessary be- 
cause they elevate the cabinet from the floor and thus provide 
air circulation along the bottom. 

Once the first layer of paper is in place, it should be cov- 
ered with the asphalt paint, which should be given sufficient 
time to dry to a “tacky” finish before the second layer of 
paper is applied. This second layer should be put on in a 
direction opposite to the first layer. In a manner similar to 
that described for the first layer, the paper should be cut 
sufficiently long to provide an overhang of 4in. When the 
second layer is in position, it too should be coated with the 
asphalt paint. The paper at each corner of the overhang 
should be cut out in a triangular fashion so that, when the 
overhanging paper is lapped upwards, there will be no wad- 
ding of paper at corners. This triangular cut should be kept 
small rather than too large so that no gap in the paper will 
appear at the corners. 

The two outer floor joists should now be fastened to the 
floor runners by means of wood screws. The two center joists 
can be fastened in a similar fashion, except that flooring will 
be drilled for the screws which will thread into joists from 
underneath. All the screw holes should be filled with asphalt 
paint before the screws are threaded into position. This will 
mean that the asphalt will be carried along by the screw as it 
bites into the wood and successfully seal the hole in the paper 
which was made by the screw itself. The floor is now ready 
for the insulation batts which can be cut to the proper width 
and laid in between the joists. 

The next step consists of lifting the cabinet into position 
so that it rests on the two center joists of the floor and so 
placed that the floor extends 3in beyond each wall of the 
cabinet. When the cabinet is in place, it should be securely 
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fastened to the center joists of the floor by nailing or screw. © 


ing the bottom plate of the cabinet to the joists as indicated 
in Fig. 2. 

The sheet metal cap should be removed from the toy sur. 
face of the cabinet in preparation for the vertical fra ning. 
This consists of 2x3-in studding toenailed to the flooring at 
the bottom, and a 2x3-in horizontal top plate nailed t) the 
top of the studs which in turn is toenailed to the top plate 
of the cabinet. Fig. 2 illustrates this construction in det: |. It 
should be noted in the illustration that a shiplap joint is sug- 
gested as a sturdy construction in securing the bottom «; the 
joists to the flooring joists. When the top plate is nail<d in 
position, it must be even with the top plate of the cabinet to 
make possible a tight gasket seal when the lid is closed ¢ own. 
With the studs and top plate in position and securely fast. 
ened to the cabinet, the insulation can be cut and put in ) lace. 
If the insulation is cut a bit longer than necessary, it cin be 
squeezed in between the studs. 

Next, the first layer of paper should be tacked in place. 
Again, a coating asphalt paint should be applied to the paper 
and allowed to dry to a “tacky” finish. Following this, the 
4-in lap of the bottom layers of paper should be bent up and 
adhered to the paper just put on to form a tight joint around 
the bottom edges. The second layer of paper should consist 
of vertical strips each 3 ft wide and painted with the asphalt 
paint as before. Both layers of paper should be so cut that 
there will be sufficient material to lap over the top plates of 
the structure. As suggested before, the corners should be cut 
in a triangular manner. To form a protective cover for the 
paper and also to provide a more attractive appearance for 
the cabinet, an outside wall surface should be put on. Sug- 
gested materials include scrap lumber,. masonite, temper 
board, asbestos board, plywood, to mention a few. 

Top and Lid. Because milk coolers rarely have insulated 
lids, it will be advisable to reconstruct and insulate the top 
and lid. At the same time, the lid might well be hinged at 
the back of the cabinet. This will eliminate the “split” top 
and lid construction which would involve great difficulty in 
providing a good gasket seal at the back corners of the lid. 
A typical method of lid construction would be a frame con- 
struction of 2x3-in members with 3 in of insulation squeezed 
in place and vaporproofed as described before. Again a cov- 
ering is used on the top, bottom, and sides. Care should be 
observed in this construction to make sure the finished lid will 
be absolutely level. Finally, the gasket material should be 
tacked around the bottom of the lid about 1 in from the edge. 
A satisfactory type of gasket to use consists of round, sponge 
rubber with a tacking or nailing flange. 

The hinges from the old cabinet can undoubtedly be used, 
as well as the lid clamps. If the new lid is too heav\ and 
awkward to handle, a system of counterweights can eas:\y be 
adapted to help in raising it. 

Evaporator Plates. Evaporator plates are manufactured in 
a variety of forms and sizes. The greater the surface arca of 
these plates in any cabinet designed for OF food storag:. the 
better the all-round operation. Ideally, a plate should be ‘ung 
on each of the four inside vertical walls and should cov+r the 
entire surface of these walls as nearly as possible. It i+ pos- 
sible for the individual to make his own evaporator plate. and 
thereby save quite a little against the purchase price the 
manufactured article. One possible means is described in a 
recent bulletin. ‘Building a Home Freezer,” by F. S. Ercan. 
Cornell Ext. Bull. 705). 

Before the plates are permanently in position, the 1 ‘rig- 
eration mechanic: should be called in and consulted as «) the 
method of joining each successive plate. Soldered elbow fit- 
tings should be used for each joint to insure a perfectly ‘ight 
union. It is possible to solder these joints outside the ca inet 
and then lift the plates as an assembled unit into the caninet 
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and fasten them to the walls by the fixtures provided. This 
method has the advantage of easier soldering of the joints, 
but the rather serious disadvantage of extreme awkwardness 
in handling several plates at one time. Once the plates are in 
the cabinet and properly supported, the condensing unit. and 
the balance of. the refrigeration accessories can be assembled 
in position and the system pumped down and charged with 


the :efrigerant. 
( ondensing Units. It is impossible to lay down a hard and 
fast rule concerning the use of secondhand condensing units 


for [ow-temperature work. To obtain sufficient capacity to 
maintain a temperature of OF, it may be necessary to increase 
the speed of the compressor by reducing the size of the com- 
pressor pulley, or increasing the size of the motor pulley. A 


spec’ increase of at least 15 per cent may be desirable. 
Refore the condensing unit is put in operation, an at- 

temp. should be made to determine its condition. Generally 

spe: ing, if the unit has been in use under three years, it 


wou!’ be safe to put it in operation without any overhaul. 
Beyood three years of use, it would be wise to examine the 
valves and crankshaft seal and replace them if they seem 
wor, It would be advisable to consult a qualified refrigera- 
tion service man as to the necessity of an overhaul. 

i: a new condensing unit is to be purchased, a low-pres- 
sure, cut-out switch should be included. This will serve as a 
safety device and prevent the compressor from “throwing out” 
the oil if, for any reason, abnormally low suction pressures 
are set up. Specify a Y%4-hp /ow-temperature freon unit for a 
2-can or 4-can cooler and a %-hp /ow-temperature freon unit 
for a 6, or 8, or 12-can cooler. 

Accessory Equipment. The dehydrator or drier is a safety 
device whose function is the adsorption of any water which 
may be present in the system. Where complete drying out is 
not possible, it is an inexpensive insurance policy against 
frozen expansion valves due to water particles remaining in 
the system. 

For the milk cooler conversion, it is recommended that a 
thermostatic expansion valve be employed. The thermostatic 
expansion valve has been especially designed to provide pro- 
tection to the compressor against any tendency to draw liquid 
refrigerant into it and thereby “sweep out” the oil. This valve 
should have a maximum closing pressure of 15 lb per sq in. 

Any good thermostatic control which can be set to at least 
—SF can be used for the cold control. Frequently the cold con- 
trol present on the milk cooler does not have a low enough 
setting. 

In wiring in the freezer, an ordinary switch and fuse box 
should be included so that the motor may be shut off manu- 
ally at any time. The fuse (or preferably the fusetron) offers 
additional protection to the motor against any overload. In 
selecting the circuit for the freezer choose the one in which 
there are few present power appliances. 


SUMMARY 

The following points should receive careful consideration 
if a used milk cooler is to be converted to a home freezer: 

| At least 3 in of insulation should be added to the bottom 
and sides of the old cabinet. 

2 All insulation should be sealed with a vaporproof cover- 
ing to prevent moisture infiltration. 

3 The top and lid of the old cabinet should be replaced 
by a single lid, insulated and vaporproofed with 3 to 4 in of 
insulation. 

4 Small holes should be drilled in the inside liner of the 
cabinet to permit the old insulation to dry out. 

5 The used condensing unit should have new valves and 
a new crankshaft seal if it has been in operation over three 
years. (This refers to an open-type unit. ) 

© Compressor speed should be increased about 15 per cent. 
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7 A thermostatic expansion valve should be used in pref- 
erence to an automatic valve. 
8 A separate switch and fuse box should be used. 


9 The cabinet should be elevated from the floor by means 
of runners. 


Economics of Farm Freezers 
(Continued from page 112) 


$26.80 per year for a cabinet with the frozen-food compart- 
ment or around 134¢ per day for the added convenience. 

Now for the disadvantages. The one most frequently 
mentioned is the inconvenience of having a major portion of 
the food supply stored out of the home. Even with the best 
of planning, conditions arise which require food not planned 
for. Occasionally this can be taken care of by an extra trip 
to the locker plant, but when guests arrive unexpectedly this 
is not always possible. The second complaint is the quality of 
the food. Some plants do not maintain low enough tempera- 
tures to insure high-quality frozen products. Also many do 
not have the capacity or realize the importance of handling 
rapidly the food as it comes to the locker plant. For high 
quality in frozen fruits and vegetables, they must be picked 
at the right stage of maturity and put into the freezer quickly. 
Since few locker plants will prepare fruits and vegetables for 
freezing, the homemaker must prepare and package them in 
her own kitchen and take them to the plant for freezing. 
Most farm gardens and orchards are not of sufficient size to 
have large quantities of vegetables and fruits maturing or 
ripening at the same time. This necessitates almost daily trips 
to the locker during the processing season if very high-quality 
products are to be obtained. Rarely is this done and as a 
result poorer quality products go into the freezer and poorer 
quality comes out. 

The two outstanding advantages of home-freezing facili- 
ties over the locker plant are convenience and greater assur- 
ance of quality in the frozen fruits and vegetables. The dis- 
advantages are higher cost and more danger of food loss due 
to breakdown in refrigeration facilities. If we balance all the 
factors, the combined use of locker plant and home freezer 
seems to be the answer. For example, if a 6 cu-ft home cabi- 
net had a separate freezing compartment it would probably 
provide adequate capacity and space for freezing the quantity 
of fruits and vegetables maturing each day and for storing 
them until they were taken to the locker. After the processing 
season is over, it would provide ample storage for a number 
of packages of each type of food frozen and space for freez- 
ing leftovers and cooked foods. Six cubic foot cabinets range 
in price from $200 to $335, with an average price of $298. 
With an operating cost of around 70 kw-hr per month a cabi- 
net of this size would cost approximately $73 per year to own 
and operate. Supplementing the home freezer with 3 lockers 
at $12.50 per locker and the facilities of the locker plant for 
handling meat, and assuming the trips to the locker to be cut 
in half, the total cost to the farmer would be around $155. 
This is a little over 80c per week for the higher quality of 
fruits and vegetables as a result of more rapid handling from 
garden or orchard to freezer, and for the added convenience 
and satisfaction resulting from having an ample supply of 


‘frozen food at home. While theoretically this seems the an- 


swer to what is the most economical and satisfactory method 
of home freezing, in actual practice it may not prove to be. 
Unofficial reports of a study now under way where such a 
combination of facilities are being used indicate that farmers 
are not satisfied with the small cabinet but prefer at least half 
or more of the storage facilities in the home. Such results lead 
one to the conclusion that many farm families are not so in- 
terested in the cost of freezing facilities in terms of dollars 
and cents as they are in the intangible returns in convenience 
and satisfaction which are difficult to evaluate. 
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RESEARCH NOTES 


(A.S.A.E. members and friends are invited to supply, for pub- 
lication under this heading, brief news notes and reports on 
research activities of special agricultural engineering interest, 
whether of federal or state agencies or of manufacturing and ser- 
vice organizations. This may include announcements of new pro- 
jects, concise progress reports giving new and timely data, etc. 
Address: Editor, AGRICULTURAL ENGINEERING, St. Joseph, Mich.) 


NDER this heading in AGRICULTURAL ENGINEERING for January, 
it was reported that Alfred D. Edgar, engineer of the USDA Di- 
vision of Farm Buildings and Rural Housing, was in Alaska investigat- 
ing agricultural engineering research problems under winter conditions. 
He is now back in the States and has just resumed work on the potato 
storage studies at Ft. Collins, Colo. With the other members of the 
Alaska task force, Edgar is preparing the official report on findings of 
the expedition. 

Farming in Alaska is being considered as an auxiliary to military, 
transportation, fisheries, forestry, and industrial development. Edgar 
reports that farms are small and mechanization is essential because of 
the high cost of labor and the difficulty of providing adequate feed and 
shelter for work animals. Most settlers do truck farming, which of 
course requires diversified machinery. Special types of land-clearing 
machinery have been developed. Much potential agricultural land is 
covered with a thick stand of brush and land clearing is heavy work, 
costing $25 to $50 an acre. In general it is done gradually by the indi- 
vidual farmer. 

Frozen subsoil in Alaska presents problems in’ connection with land 
preparation, machinery, and structures. Erosion is unusually bad. Ice 
in the upper strata tends to thaw downward rather than sideways. 
Thawing following land clearing makes for very uneven fields. Some- 
times underground melting results in pockets and crevasses which are a 
hazard to workers, animals, and machinery. Steeper slopes thaw out 
first and are usually planted to the earlier crops, but this increases 
the erosion hazard. Heating of buildings located on frozen ground 
sometimes causes the floor to sink as much as a foot as the ice below 
melts. This is an illustration of the structural problems encountered 
in the Territory. 

Depth and quality of soil vary greatly and relatively few portions 
of the Territory have a climate suitable for farming. A fair variety of 
truck crops is grown, however. Strawberries, for instance, do very well 
at Fairbanks in the Tanana Valley. Peas for canning have proved to 
be a valuable cash crop that is well adapted, particularly to the Mata- 
nuska Valley, where there are 300 full-time farms. A large percentage 
of the farm homes have greenhouses in which tomatoes and cucumbers 
are raised. 

Immediate research programs of agricultural engineering interest 
are potato storage ventilation and dairy barn ventilation. Work is cen- 
tered at the experiment station at Palmer, where Edgar had his winter 
headquarters. 

In addition to much valuable data on the agricultural research and 
development needs of Alaska, the task force brought back striking color 
photographs, many of them taken under the difficult light and tempera- 
ture conditions of winter in the far north. Edgar considered himself 
fortunate, in view of the observations he wanted to make, to be in 
Fairbanks for the coldest weather the town has had since 1935-36. 
Three planes crash-landed in the takeoff at Todd Field the week of 
December 10 because the oil heating systems of multimotored planes 
are inadequate for: ground temperatures ranging from -—32 to —56F. 
Automobile engines must be kept going constantly in such weather. 
Edgar's trip included 80 hr by air and 12hr by train, in addition to 
the 5,000 miles « vered by automobile. 


* * * * 


In North Carolina alone, 1,412 tobacco barns burned during 1946, 
costing farmers an estimated 20 million dollars. To cut back this loss 
is one of the objectives of the USDA-North Carolina Agricultural Ex- 
periment Station cooperative research program on flue-cured tobacco 
mentioned in “Research Notes” in AGRICULTURAL ENGINEERING for 
January. There are many variables which must be considered, such as 
building construction, insulation and ventilation, type of fuel, furnace, 
and burner. An examination into the causes of tobacco barn fires indi- 
cates that manual control of heating is frequently to blame. The con- 


tribution of electricity to farm efficiency is being extended in still 


another direction through the development of automatic controls for 
stokers and fans. 

The work started last season and centered at Oxford, N. C., under 
Dr. O. A. Brown as the USDA agricultural engineer, will be intensified 
this year by parallel investigations in cooperation with the Georgia 
Coastal Plain Experiment Station at Tifton. This station is located 
in the extreme southern part of the state where the high-quality, shade- 
grown tobacco used for cigar wrappers overlaps the bright-leaf tobacco 
sold for cigarettes. Since tobacco growers in southern Georgia are 


through curing their crop before North Carolina growers begin, it will 
be possible to get research results from curing operations over a longer 
period each year. 
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In addition to the curing studies, Dr. Brown and his co-workers 
at Oxford will attempt to estatblish standards for the use of artificial 
light (fluorescent or other) in grading. Color of the leaf is still the 
main, though not the only, factor governing prices paid at tobacco auc. 
tions, and grading is still done in most warehouses under natur.! day- 
light. Reliable and accepted standards for artificial light wil! make 
grading independent of weather conditions. 

* * * * 


Other phases of tobacco production will be investigated under a 
cooperative project just being established by the BPISAE Agric ltural 
Engineering Divisions and the University of Maryland agricultu al ex. 
periment station and extension service. J. W. Rockey is the USDA 
engineer assigned to study engineering aspects of labor utilization eff. 
ciency in the production and handling of southern Maryland t: bacco. 
Harry L. Carver is in charge of this and other work simplilication 
studies. 

Light, air-cured tobacco (Type 32) is grown on about 40,00: acres 
in five counties of southern Maryland. It is an essential ingredient of 
tobacco blends for cigarettes because of its special burning qu lities, 
The complicated processes involved in carrying the tobacco from seed- 
bed to preparation for market are still done largely by hand labor, and 
a dwindling labor supply has forced growers to seek help in mechan- 
ization where feasible and in more efficient use of labor. 

There are significant labor problems in most phases of the produc. 
tion and handling of this type of tobacco, and an engineering approach 
to each phase is anticipated under the new project. Examples of differ. 
ent methods will be compared as to costs and effectiveness in time and 
labor studies. Control of temperature and humidity in barns is a 
major problem, as growers are now at the mercy of the weather and 
very serious losses are suffered whenever unfavorable weather occurs 
during critical stages of the curing period. 

The worst labor bottlenecks are in the harvesting and hanging period. 
Objectives of the new work include devising and developing |abor- 
saving equipment, improvement of handling procedures, and possible 
redesign of curing barns. 

* * * * 

Preliminary testing has started on the completed one of two poultry 
calorimeters in the cooperative poultry housing research project of the 
Bureau of Animal Industry and the BPISAE Division of Farm Build- 
ings and Rural Housing at Beltsville, Md. The test unit is located in 
a, refrigerated room, which will permit study of a wide range of tem- 
peratures. It has isothermal walls of sheet copper surrounded by an 
insulated wall with thermostatically controlled cooling and heating coils 
between. 

The over-all objective of the study, as of parallel studies on swine 
housing in California and dairy cattle housing in Missouri, is the effects 
of environmental factors on production. Temperature, humidity, air 
circulation, light, and space will be tested. 

Heat and moisture production of the birds are main indicators of 
their metabolism under varying environmental conditions, and the calori- 
meter is set up for continuous recording of these data. Gaseous ex- 
change is analyzed by means of an “absorption train’. An interesting 
item of specialized equipment for the calorimeter was devised and con- 
structed by Engineer J. R. Vincent. It is an automatic scales for weigh- 
ing and recording a continuous flow of calorimeter fluid. 

* * * * 


Use of bactericidal lamps in poultry houses has been under investi- 
gation at the USDA Agricultural Research Center, Beltsville, Md., by 
the Poultry Nutrition Section of the Bureau of Animal Industry. Dur- 
ing the coming year the Agricultural Engineering Divisions w)!! co- 
operate in this research, which is aimed at reduction in disease and 
mortality among laying hens. L. G. Schoenleber of the Division of 
Farm Electrification (BPISAE) has been assigned as engineer on the 
project. 

* * * * 

An insecticide and fungicide duster and feeding mechanis 
veloped by USDA agricultural engineers working on pest and 
disease control equipment delivers dust to the nozzles with a ma 
variation of only 3 per cent regardless of the height of dust 1 the 
hoppers. In commercial machines tests showed variations in d livery 
varying from 50 to 300 per cent. Uniformity of dust delivery is <ssen- 
tial for effective control of both pests and diseases. With th new 


1 de- 
plant 
imum 


equipment the maximum air delivery of 220 cubic feet per minve per 
tube is more than twice the air volume delivery commonly foun« 
* * * * 

Use of the rotary hoe in cotton, investigated by USDA agric. ‘tural 
engineers in experiments looking to mechanization of this crop «id in- 
cluding use of flame weeding and other new developments, was ‘ound 
to make possible cultivation of small two-leafed cotton at speeds »f 54 
miles an hour. Used primarily for weed control, cultivation wi. the 
rotary hoe also was found to have marked effect in controlling —amp- 
ing-off of young cotton plants by breaking up soil crusts so as to allow 
oxygen to penetrate. Oxygen stimulates root growth and disce..rages 


development of the damping-off fungus. 
* * » * 


(Continued on page 120) 
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rg10 PROTECT precious crops, more electrically 

driven pumps will go into operation this year than 
ever before in this nation’s history. Even in the so-called 
“humid” areas, far-sighted farmers will be prepared for 
that summer dry spell when thriving crops would other- 
wise shrivel under a hot sun and the year’s income 
shrivel with them. These farmers know it’s the bumper 
crop that pays over and above the cost of seed and 
fertilizer, equipment and labor, and they want to elimi- 
nate removable risks. That’s why they choose a depend- 
able motor-driven pump for crop insurance. 


WHY DO FARMERS CHOOSE GENERAL ELECTRIC MOTORS? 


There’s a type of irrigation for every type of land and 
crop. There is also a wide selection of pumps and 
motors to do the job. And General Electric has engi- 
neered and built equipment that won’t fail when you 
need it most. G-E motors have been specially designed 
so there is no danger of oil draining away from bearings, 
or dirt entering the bearings during the period when 
they are not in use. The motors give full-rated horse- 
power at the flick of a switch—no need to tinker with 
parts or turn over a heavy engine. They’re quiet running, 
and with G-E control they can be automatic and have 
complete overload protection—there’ll be no danger of 
burning out the motor if something goes wrong with the 
water system. Many G-E pump motors have more than 
twenty-five years of service behind them, and they’re still 
going strong! 

G-E standardized designs work perfectly with all types 
of pumps. Select the right motor for the right pump in 
the right location, and you'll get lifetime service—when 
the motor is General Electric. Farm Industry Division, 
General Electric Company, Schenectady 5, N. Y. 
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Schwalen New Chairman Pacific Coast Section 


C. SCHWALEN, head, agricultural engineering department, Uni- 
. versity of Arizona, was elected chairman for the ensuing year of 
the Pacific Coast Section of the American Society of Agricultural Engi- 
neers at its 25th annual meeting held at Davis, Calif., February 7 and 8. 
Roy Bainer, agricultural engineer, was elected vice-chairman, Walter 
W. Weir, drainage engineer, division of soils, was re-elected secretary- 
treasurer, and C. N. Johnston was elected a member of the Executive 
Committee, all of the University of California. The new Nominating 
Committee of the Section includes A. A. Armer, Spreckles Sugar Co., 
L. M. K. Boelter, University of California at Los Angeles, and C. H. 
Milligan, Utah State Agricultural College. 

The Section meeting was held jointly with the 15th Annual Farm 
Machinery Conference sponsored by the division of agricultural engi- 
neering of the University of California. Nearly 300 persons were regis- 
tered at the meeting, and an excellent program of technical papers was 
presented. 


J. L. Shepherd to Represent A.S.A.E. 


T THE request of the National Peanut Council to nominate a mem- 

ber of the American Society of Agricultural Engineers to serve as 

one of the judges for making the annual award to be offered by the 

Council for outstanding contributions to the peanut industry, A.S.A.E. 

President Mark L. Nichols has nominated James L. Shepherd, research 

agricultural engineer, Georgia Coastal Plain Experiment Station, to 
serve as the nominee of the Society. : 


Missouri Section to Meet in April 


MEETING of the Missouri Section of the American Society of 

Agricultural Engineers has been scheduled to be held at Kansas 
City, Missouri, April 17 to 19. It will start on the evening of April 
17 with a dinner in conjunction with the Kansas City Tractor Club. 
Marion W. Clark, extension agricultural engineer, University of Mis- 
souri, is to address the group on the subject “The Plan for Water 
Management on Missouri Farms.’’ A moving picture, “The Years at 
the Spring in Missouri,” is also scheduled. 

“The Need for Agricultural Engineering in Missouri’ is the sub- 
ject for a panel discussion, led by J. C. Wooley, on the following fore- 
noon, April 18. It is to be followed by a talk by Paul M. Mulliken, 
executive secretary, National Retail Farm Equipment Association. 

Dr. M. L. Nichols, president of the American Society of Agricul- 
tural Engineers, and Raymond Olney, secretary, have been invited to 
address a luncheon meeting the same day. A trip to neighboring manu- 
facturing plants has been scheduled for the afternoon. A dinner the 
same evening is to be addressed by Dr. Harold A. Vagtborg, on the 
work of the Midwest Research Institute, of which he is president. 

A visit to the Midwest Research Institute has been arranged for 
Saturday forenoon, April 19. 


Industry - Research Conference 


N INDUSTRY-RESEARCH conference sponsored jointly by the 
Farm Equipment Institute and the divisions of agricultural en- 
gineering, (BPISAE), U.S. Department of Agriculture, was held at 
the agricultural research center, Beltsville, Maryland, March 3, 4, and 5. 
The conference was opened in the administration building of the 
Department of Agriculture in Washington with an introduction and 
statement of purpose, by A. W. Turner; a welcome by the Hon. Clin- 
ton P. Anderson, Secretary of Agriculture, and a response by W. A. 
Roberts, president of the Farm Equipment Institute. 

At Beltsville the program continued with presentation of the re- 
search in progress, covering projects in the F.E.I. research outline and 
others with present or prospective bearing on farm equipment design 
and use requirements. 

The concluding day was reserved for men from industry to discuss 
individual problems with various members of the Department staff at 
Beltsville. 


Michigan Area Section Meeting 


ONE-DAY meeting of the new Michigan Area Section of the 

American Society of Agricultural Engineers on March 1, at Mich- 
igan State College drew nearly 100 members and guests from the state, 
the Toledo area, and western Ontario. 

The opening program feature was an explanation of the new radi- 
ant-energy, frost-control unit which has attracted world-wide attention, 
and of the research applied to its development. This was reported by 
A. W. Farrall, head of the agricultural engineering department at 


A.S.A.E. Meetings Calendar 


April 4 and 5 — Southwest Section, Grim Hotel, Texarkan. 
Texas. 


May 16 and 17 — Virginia Section, Hotel Roanoke, Roano-e 
Virginia. 

June 23 to 25—ANNUAL MEETING, Benjamin Franklin Hote! 
Philadelphia. 

October 23 and 24 — Pacific Northwest Section, Davenp. rt 
Hotel, Spokane, Wash. 


December 15 to 17—FALL MEETING, Stevens Hotel, Chicayo. 


Michigan State College, and F. J. Hassler, graduate assistant. 

Another feature of the forenoon program was a symposium on the 
use of chemicals in agriculture, with contributions on weed control by 
Mr. Dutton of the Dow Chemical Co.; A. H. Glaves, agricul‘ura! engi- 
neer, U.S. Department of Agriculture, on insect and plant disease con- 
trol; and J. W. Shields, agricultural representative of the U.S. Rubber 
Co., who presented a paper for Dr. McNew, head of the agricultural 
chemical research laboratory of the company. 

A noon luncheon was followed by a panel discussion on the possi- 
bilities for agricultural engineers in Michigan. Dan M. Guy led the 
discussion and called on David B. Poor to present the farm structures 
viewpoint; Frank W. Peikert, soil and water; H. J. Gallagher, rural 
electrification; and J. W. Shields and D. A. Milligan, power and 
machinery. 

Director V. R. Gardiner of the Michigan Agricultural Experiment 
Station and Dean H. B. Dirks of the college of engineering were guests 
at a part of the meeting and indicated briefly their keen interest in 
agricultural engineering. 

Frank W. Peikert; vice-chairman of the Section, presided at the 
morning session and Harold E. Pinches, Section chairman, presided at 
the luncheon session. 

The meeting concluded with a brief explanation by Mr. Farrall of 
the agricultural engineering department organization, work, and _pro- 
gress on the new agricultural engineering building under construction; 
and a campus tour passing the temporary housing area and the new 
agricultural engineering building, with stops at the frost-contro! setup 
and the present agricultural engineering department. 

David B. Poor was named to fill the vacancy in the office o! secre- 
tary-treasurer of the Section, created by W. O. Murphy having moved 
out of the Section area. 


National Chemurgic Conference 


ee EW Riches from the Soil’ will be the keynote of the 12th 
Annual National Chemurgic Conference to be held at the Skir- 
vin Hotel, Oklahoma City, Okla., March 26 to 29, 1947. 

A.S.A.E. members on the program include Wheeler McMillen, pre- 
sident, National Farm Chemurgic Council; Paul M. Mulliken, exccutive- 
secretary, National Retail Farm Equipment Association; George k rieget, 
manager, agricultural division, Ethyl Corporation; Donald M. Crooks, 
midwestern representative, Douglas Fir Plywood Assn.; L. F. | iving- 
ston, manager, extension division, E. I. du Pont de Nemours ani Co.; 
Paul N. Doll, agricultural engineer, Missouri Department of Re-ources 
and Development, and Arnold P. Yerkes, in charge of farm practice 
research, International Harvester Co. 

Conference sessions will open with a noon luncheon on Mar-h 26, 
presided over by the Hon. Roy Turner, governor of Oklahom:, and 
with Mr. McMillen as the speaker. The Hon. Val Peterson, gove: ior ot 
Nebraska, is to address the annual dinner on the evening of March 28. 

Particularly featured conference subjects include petroleum and ag- 
riculture, forests and forest products, and specialty crops and »<ricul- 
tural wastes. 

Preregistrations are being accepted by the National Farm Che urgic 
Council, Station A, Box 397, Columbus 1, Ohio. 


Second Phase of China Project Startec' 


OLLOWING months of preliminary preparation in this country, 

J. Brownlee Davidson, Archie A. Stone, Howard F. McColl», and 
Edwin L. Hansen sailed for China in January as the “Commit‘ce 09 
Agricultural Engineering” to work in the National Agriculturs! Re- 
search Bureau of China’s Ministry of Agriculture and Forestry. Theit 
work in China is to continue for three years. 

Dr. Davidson, as head of the committee, will direct and coos inate 
agricultural engineering research and education to be started by the 
Bureau. Mr. McColly is to assist him, (Continued on page 120) 
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and the dealer 


will de their level best 


for farmers in 1947! 


On ty one thing is mew in that headline. International 
Harvester and the IH dealers have been doing their 
level best for generations in the interest of American 
agriculture. 

So what’s new in it? Well—there’s that figure 1947. 
A brand-new season is coming up, and we believe 
that things are going to be a lot different. 

in recent years, ‘level best” hasn’t been good enough. 
... In every community in the land the farmers have 
been repairing and mending old equipment, and 
getting by—waiting in line at every dealer’s door with 
patience and tempers wearing mighty thin... . Right 
this minute a thousand farmers are asking ““When’s 
my tractor coming, and those new machines that were 
promised me months ago?” It has been hard to take 
—for farmer and dealer and manufacturer alike. 

Every farm operator knows that the Harvester 
Company has perfected many new products, com- 
petently engineered and tested, fully qualified to take 
to the fields. .. .Our problem now is to turn them out 
in quantity production for our millions of customers, 
from long established plants and from many new 
factories. Our hope for this new year is to keep 
assembly lines running without interruption until 
every man’s need is satisfied. 

The farmer who wants competent winter service 
work and the latest news about new equipment will 
be sure to see his International Harvester Dealer. 


INTERNATIONAL HARVESTER COMPANY 


180 North Michigan Avenue _Chicago 1, Illinois 


Remember that “FARMALL” is a registered 
trademark —Farmalls are made only by 
International Harvester. 


INTERNATIONAL 
HARVESTER 
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Above: International Mechanical Cotton Picker. New plant un- 
der construction at Memphis, Tenn., will build this machine in 
limited numbers this year. 
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Above: McCormick - nor a 123-SP Self - Seeman. or 
Other coming International developments: smaller combines, 


tractor touch-control, refrigeration. 


Above: McCormick. Pate Guodien Pickup Twine lie. green 
other new hay machines are in various stages of development 
by fatesnationad Harvester engineers, 
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Above: The New har No. ry oe een: 
Corn Picker. Coming International machines include new 1-row 
corn pickers and cut-off corn pickers. 
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NEWS SECTION 


(Continued from page 118) 


primarily in the fields of research and soil and water technology. Mr. 
Stone, in the power and machinery field, will conduct research and 
teach at the National Central University. Mr. Hansen will handle farm 
structures research and teach at Nanking University. 

P. W. Tsou, of the Ministry of Agriculture and Forestry, has a 
thirteen-point program directly utilizing agricultural engineering in land 
utilization and soil conservation, increasing agricultural land, increasing 
production per unit area, improvement of farm implements, and pro- 
motion of rural industries. Agricultural engineering will also be a 
factor in most of the other eight points applying to specific lines of 
production and development. 

Y. C. James Yen, noted originator of the simplified Chinese alphabet 
and mass education in China, has represented Mr. Tsou in the United 
States in obtaining technical and financial assistance for the project. 

Through the cooperation and financing of the International Har- 
vester Company, Mr. Yen located the agricultural engineers to serve on 
the Committee, assisted in their advance planning and preparation for 
the mission, and arranged for equipment to be used in the researches 
in China. Also with the cooperation of the International Harvester 
Company, he has twenty Chinese students studying agricultural engi- 
neering in this country, in preparation to carry on the work being 
started by the Committee. 

The Committee's four primary objectives are to help Chinese farm- 
ers improve the quantity and quality of their products, reduce the cost 
of their production, and improve their living conditions. 


RESEARCH NOTES 


(Continued from page 116) 


Electrocuting Corn Borers. The effectiveness of light traps for con- 
trol of the European corn borer will be studied at Purdue University 
Agricultural Experiment Station as part of a new farm electrification 
project cooperative with USDA, continuing work which yielded prom- 
ising results before the war. John G. Taylor, who comes to the field 
staff of the USDA Division of Farm Electrification from REA, will 
handle the work at Lafayette in cooperation with entomologists of the 
Purdue Station. 

Destruction of corn crop residues as a means of corn borer control 
requires the cooperative support of all corn growers in a locality. The 
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@Rilco Rafters are glued laminated framing members, 
factory-fabricated of selected and seasoned lumber. 

They are engineered to provide strength, wind resistance 
and streamlined modern appearance to all types of farm 
buildings. Tests prove that glued laminated rafters are four 
times stronger than nailed rafters. 

Designed and factory-built ready for quick erection Rilco 
Rafters offer important economies in time and money. 

Rilco Rafters combine wall and roof framing into a single 
strong unit eliminating the weak joint between sidewall 
and roof framing. Interiors of Rilco buildings are free of 
objectionable posts and braces. Such construction is ideal 
for installation of a barn hay drier. 

Investigate the possibilities of improved farm construc- 
tion with Rilco Rafters. Get in touch with your nearest 
Rilco representative or write to—Rilco Laminated Products, 
Inc.,1394 First National Bank Bldg., St. Paul 1, Minnesota. 
Eastern Division: 221 Conyngham Ave., Wilkes-Barre, Pa. 
Western Division: Sutherlin, Oregon. 


chief cultural method of control recommended for the individual 2rower 
has been delayed planting. Sweet corn growers, however, commonly 
make a series of plantings, and their use of delayed planting h:s been 
greatly complicated by the appearance, in Indiana particularly. of 3 
second brood of corn borers late in the season. Preliminary li; at-trap 
investigations were started in 1935 in the search for a control measure 
to supplement spraying or dusting. 

AGRICULTURAL ENGINEERING carried reports of the Purdue y. 
its issues of April, 1939, and March, 1940. Studies now beginn 


ork in 


1g will 
investigate improved trap designs and experiment with fluorescer lamp; 
and some of the more recently developed lamps. Intensity seem- to be 
a more important factor than color in attracting the insects to li ht, al- 
though a color difference has been noted in favor of the blue enc of the 
spectrum. The research should determine the conditions unde: which 
use of light traps to protect valuable crops of sweet corn and hybrid 
seed corn from heavy loss is effective and economically practica 

Taylor and the cooperators at Purdue hope also to work on the 
electrical heating of beehives during the winter, thus attacking one of 
the major problems of beekeepers. 

A graduate of Pennsylvania State College in agricultural engi :cering 
and an A.S.A.E. member, Taylor received intensive training i. elec. 
tronics at the Illinois Institute of Technology with the U. S. Army 
Signal Corps and saw active service in World War II in the Pacific 


theater as a radar technician. 
* * * * 


Machines Harvested Large Sugar Beet Acreage. The 1946 sucvar beet 
harvest was characterized by a great advance in mechanization. [arly in 
the year it was estimated, on the basis of manufacturers’ intentions as 
to machine production, that about 1,400 mechanical beet harvesters 
would be available. Five manufacturers were planning to have har- 
vesters in the field. In California it was estimated 60 per cent of the 
total beet acreage would be harvested with machines. Only 5 years ago 
there were no mechanical harvesters in use, and only 100 in 1943. 


The Division of Farm Power and Machinery, USDA, carries on 
sugar beet mechanization studies at Fort Collins, Colo., under Engineer 
S. W. McBirney, and at East Lansing, Mich., under George W. French. 
Several developments from these studies, including the disk topper, sort- 
ing table for separating beets from clods of heavier soils, and a vari- 
able-cut topping and driven-wheel finder were incorporated into the de- 
sign of sugar beet harvesters built in 1946. For stories on three of the 
four major types of harvesters now in production, see AGRICU! TURAL 
ENGINEERING for December, 1946. 


DESIGNERS AND FABRICATORS 
OF ENGINEERED WOOD PRODUCTS 
FOR A WIDE VARIETY OF USES. 
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—the Red Elastic Collar provides 
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dependable locking torque for RE-USE! 


Army and Navy specifications for aircraft 
lock nuts include a specific torque test to 
prove locking effectiveness. Lock nuts 
have to maintain adequate locking torque 
through 15 on-and-off cycles. 

ESNA Elastic Stop Nuts—with the Red 
Elastic Collar that has become a symbol 
of security to all aviation engineers — 
remain self-locking against Vibration, 
Impact and Stress Reversal in both pre- 
stressed and positioned settings. 

In addition, the self-locking, self-sealing 
and reusable Red Elastic Collar protects 
the bolt. It does not deform the bolt, 
damage the threads or gall the finish. 


INTERNAL 
WRENCHING 


PRODUCTS OF: 


| ANCHOR wing §& 
A > 


Reusable ESNA Elastic Stop Nuts 
provide dependable protection against 
Vibration, Thread Corrosion, Thread 
Failure, and Liquid Seepage. This multi- 
ple protection — which has made Elastic 
Stop Nuts the standard fastener on many 
products—also achieves the double 
economy of inventory simplification 
and reduced procurement costs. ESNA 
engineers are now ready to study your 
fastener problems. Address: Elastic Stop 
Nut Corporation of America, Union, 
New Jersey. Sales Engineers and 
Distributors are conveniently 
located in many principal cities. 
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The RED ELASTIC COLLAR 


— denoting an ESNA product — 


... is threadless and dependably 
elastic. Every bolt — regardless of 
commercial tolerances — impresses 
(does not cut) its full thread contact 
in the Red Elastic Collar to fully 
grip the bolt threads. In addition, 
this threading action properly seats 
the metal threads — and eliminates 
all axial play between bolt and nut 
threads. 


Torque tests—for Elastic Stop 
Nuts — are based on a steel-to-steel 
frictional coefficient of .18. Bolt 
loadings are figured at 40,000 psi 
for commercial bolts; 90,000 psi for 
aircraft bolts. 
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PROTECTS 
NEWEST 
TRACTOR! 


Engineered completely new throughout, Allis- 
Chalmers Model HD-S crawler tractor is 
claimed to be the most advanced tractor in 
its power class. 


Like its larger ‘‘brothers,’’ 
its 2-Cycle Diesel, 37 d.b.p. engine is equipped 
with United Oil Bath Air Cleaner, 
Illustrated is Cleaner CT10-13220. 


No internal combustion engine is continuously subjected to more 
dust and other destructive abrasives than the power plant of a 
track-type tractor used in roadbuilding and other construction work, 


To afford maximum protection, Allis-Chalmers has for years 
used United Oil Bath Air Cleaners on its 2-Cycle Diesel crawler 
tractors. Recently announced, the brand new HD-5 tractor is 
similarly equipped with United Air Cleaner protection. 


Engine guardians for over 25 years, United Oil Bath Air 
Cleaners have extended the operating life and increased the 
efficiency of millions of engines in a variety of applications — in 


passenger cars, trucks, busses, tractors, farm equipment and sta- 
tionary power plants, 


There are over 260 United Air Cleaner models — each built 
for specific engine requirements, We invite you to discuss your 
design and installation problems with our sales engineers, 


UNITED SPECIALTIES COMPANY 


United Air Cleaner Div., Chicago 28 © Mitchell Div., Philadelphia 36 
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Personals of A.S.A.E. Members 


W. J. R. Browder recently resigned as extension agricultural engi- 
neer at the University of Tennessee to accept a similar position with the 
agricultural extension service of the University of Arkansas °t Little 
Rock. 

Donald Christy was elected vice-president of the Kansas Sti:e Asso. 
ciation of Soil Conservation District Supervisors at -the Ass: 
recent annual meeting. Mr. Christy is also chairman of 
County Soil Conservation District. 


Howard H. Engelbrecht, who served as an officer in the A-my Air 
Forces during the war, is now a graduate student at Iowa S:ite Col. 
lege, specializing in agricultural climatology. 

Norman A. Evans, who served in the armed forces during ‘he war, 


is now a graduate student in agricultural engineering at the lL 
Agricultural College, Logan. 


Julian M. Fore, formerly head of the farmstead engineeriig unit, 
research section, agricultural engineering development division, Tennes. 
see Valley Authority, was recently named as head of the educ« ion sec. 
tion of the division, succeeding Nolan Mitchell. 


Reuben R. Garrard, after extended service as an officer in tie U. §. 
Army Air Forces during and since the war, is now employed as a 
junior soil conservationist with the Soil Conservation Service, USDA, 
and is located at Hartwell, Georgia. 


R. W. Hautzenroeder has resigned as chief engineer, tractor division, 
The Fate-Root-Heath Co., to accept a position as project engineer on 
tractors with Harry Ferguson, Inc. 


A, T. Hendrix, formerly head, farm processing unit, research sec- 
tion, agricultural engineering development division, Tennessee Valley 
Authority, has been named head of the research section, succeeding John 
A. Schaller. 

Joe P. Hollingsworth, who served as a lieutenant in the U. S. Naval 
Reserves during the war, is now employed as research assistant in rural 


electrification in the agricultural engineering department of the A. & M. 
College of Texas. 


Earl G. Johnson has taken leave of absence from his present duties 
as zone conservationist (Region 5), Soil Conservation Service, U.S. 
Department of Agriculture, to accept a temporary appointment with 
UNRRA on an assignment to China. The particular territory to which 
it is expected he will be assigned is the flooded area in Honan and 
Anhwei provinces. One of the jobs undertaken by UNRRA is to re- 
habilitate this area for flood protection. Mr. Johnson's assignment is for 
a period of about six months. 


Daniel E. Kirk, who served as an ensign on naval ordnance in the 
U. S. Naval Reserves during the war, is now assistant agricultural engi- 
neer on the agricultural engineering staff of Oregon State College. He 
will be engaged on part-time teaching and general research. 


Gerald L. Kline, who served as a liaison pilot of field artillery in 
the Army during the war, is now employed in the engineering depatt- 
ment of the La Crosse, Wisconsin, works of Allis-Chalmers Mfg. Co. 

Charles S. Morrison recently resigned as research fellow in agricul- 
tural engineering at Iowa State College and is now engaged in weed 
control research in the experimental department of Deere & Company 
at Moline, Illinois. 

William H. Paraday, who served as a captain in the 6th Cavalry of 
the U. S. Army during the war, is now associated with the Florida 


State Department of Education as veteran teacher of vocationa! agricul- 
ture at Jennings, Fla. 


iation’s 
the Scott 


tah State 


V. S. Peterson, central-western district manager, extension «division, 
E. I. du Pont de Nemours and Co., recently addressed the Lions Club 
of St. Joseph, Michigan, and visited the A.S.A.E. headquarters 


A. H. Scrimshaw, who served with the Royal Canadian Air Force 
during the war, has been appointed experimental officer, effective Apri! 


1, at the National Institute of Agricultural Engineering at Askham 
Bryan, York, England. 

Charles C. Worstell, until recently a design engineer at (ie Rock 
Island Works of J. I. Case Company, is now manager of th. C. W. 
Company at Princeton, Iowa. 

Necrology 

HERMAN MOSCHEL, vice-president and manager of the Dai. Manu- 
facturing Co., a subsidiary of Deere and Company, passed a\ ay sud: 
denly in his office on the morning of February 13. 

Born November 28, 1885 at Chenoa, Illinois, he atterJed the 
University of Illinois and received his bachelor of science degree 10 
mechanical engineering in 1910. After several months with th: Repub- 
lic Iron and Steel Co., in Moline, he joined the Deere org:nization 
and continued with it and various of its subsidiaries throughout his 
career. He was made superintendent of the Dain Mfg. Co. in 1913, 
and manager in 1917. He was elected to membership in the A.S.AE. 
in 1920. 
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T HE FOX Pick-up Hay Chopper and Silage 
Harvester does the three toughest jobs on 


the farm—Haying, Forage Harvesting, and 
Silo Filling. 


With the FOX the farm for the first time is { 


properly mechanized because with the FOX 
method: 
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ee ae @ you can mow, chop and load in one opera- 


tion over 200 tons of grass silage a day. 


irtillery in 
ny depart: 

Mfg. Co. 
in agricul- 
d in weed 
; Company 


@ you can cut corn of any height, chop it 
into silage and load it into wagons ready 
for the silo, all in one operation. 


Cavalry of 
he Florida 
1a! agricul 


@ one man, with the FOX, can pick up, chop 
and load, ready for the mow or stack 2 
- tons of dry hay in 12 minutes. 


Lions Club 


The FOX is built by the Pioneers of Modern 
Forage Harvesting. WRITE US—we will be 
glad to tell you all about this marvelous 


tthe Rock =’ ae \ Vv. machine. 
i Re : Re . 
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The special construction of the PIONEER 
KNOT makes Continental Fence semi- 
flexible. It “gives” under pressure, then 
springs back straight. 


@ Better farming methods and permanent pasture 
programs will require new and better fence. Con- 
tinental Fence has many features to give it longer 
life and greater strength. It is made of copper steel 
wire that carries a heavy, uniform zinc coating, 
FLAME-SEALED for extra protection against rust. 
Continental Fence with the PIONEER KNOT is 
semi-flexible to withstand crowding of livestock 
without folding or buckling of the stay wires. This 
knot will not unwrap and actually tightens under 
strain. Only Continental FLAME-SEALED Fence 


with the PIONEER KNOT can give you all these 
advantages. 


The Building Plan Service, 
the Grassland Farming Man- 
ual, and the 1947 Farm and 
Livestock Record Book will 
help you plan farm improve- 
ments. Write today. 


bs STEEL CORPORATION 


aa £5 + §OKOMO INDIANA — 


15 Types of Form Fence, 
PRODUCERS OF — 9... Cotes, Bere Wire 


- CONTINENTAL 


. 


Council prior to election. 


engineering, South Dakota College, Brookings, S. D. 


Co., Akron, Ohio. (Mail) YMCA, 80 West Center St. 


Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Soviety an 
urged to send information relative to applicants for consideration of thy 


—. 
— 


Niels B. Anderson, instructor and research assistant in agricultural 


Orville C. Baker, factory office training, Goodyear Tire & Rubber 


Nathaniel H. Callard, in charge of rural electrification opcrations, 
industry sales, Westinghouse Electric Corp., East Pittsburgh, Pa. 


Hubert M. Clark, vice-president in charge of engineering, Sherman 
Products, Inc., 3949 E. Nine Mile Road, Hazel Park, Mich. 


Robert N. Craig, assistant professor of agricultural engineering, A. 
& M. College of Texas, College Station, Tex. 


Graham F. Daniel, vice-president and manager, parts dept.. Russell 
Daniel, Inc., 480 N. Thomas St., Athens, Ga. 


Thomas L. Dobbins, farmer, Townsville, S. C. 


Keith N. Gallagher, extension agricultural engineer, farm Jabor pro- 
gram, Cornell University. (Mail) Box 197, Spencer, N. Y. 


Aylmer H. Gray, Jr., head, rural development dept., Soutliwestem . 
Gas and Electric Co., Shreveport, La. ; 


Robert B. Hedrick, drainage specialist, Soil Conservation Service, 
USDA. (Mail) Rosenberg, Tex. 


Arthur Kramer, director, experimental laboratory, Puget Sound 
Power & Light Co. (Mail) Puyallup, Wash. 


C. P. Merrick, Jr., extension specialist in drainage engineering, 
University of Maryland. (Mail) Denton, Md. 


James H. Oliver, design engineer, farm industry development, Gen- 
eral Electric Co. (Mail) R. R. No. 2, Ballston Spa., N. Y. 


Paul J. Peterson, director, A/S Helbaek Maskinfabrik, Helbaek, 
Denmark. 


John T. Phillips, Jr., vice-president and assistant manager, Lilliston 
Implement Co., Albany, Ga. 


Sephaniah Reese, Jr., general manager, S. Reese Machine & Tool f 
Works, 230 West Main St., Plymouth, Pa. 


Elzo A. Schutt, draftsman, Starline, Inc., Harvard, Ill. (Mail) 100 
N. Jefferson St. 


Paul E. Schleusener, student in engineering college, University of 
Nebraska, Lincoln, Neb. (Mail) 348 North 14th St. 


Leroy C. Shaw, farmer, R. R. No. 2, Box 146, Perkinston, Miss. 


Ben C. Shipman, sales engineer, Rilco Laminated Products, Inc. 
(Mail) Box 418, Wilkes Barre, Pa. 

H. H. Watson, standards engineer, General Electric Company. 
(Mail) 1285 Boston Ave., Bridgeport 2, Mass. 

Thomas J. Wilson, manager of sales and engineering, C. A. Mc 
Dade Co. (Mail) Mt. Royal Blvd., Glenshaw, Pa. 


TRANSFER OF GRADE 


Russell E. Heston, agricultural engineer, Rural Electrification Ad: 
ministration, USDA. (Mail) 1069 27th St., Des Moines 1!, lows. 
(Junior Member to Member) 


Walter W. Hinz, instructor in agricultural engineering, State Col- 
lege of Washington, Pullman, Wash. (Mail) 1705 A St. (Junior 
Member to Member) 


W. A. Junnila, agricultural engineer (BPISAE) U. S. Department 
of Agriculture. (Mail) Storrs, Conn. (Junior Member to Member) 


William Kalbfleisch, agricultural engineer, Dominion Depa: iment 0! 
Agriculture. (Mail) Central Experimental Farm, Ottawa, Ont.. Canada. 
(Junior Member to Member) 


Lester F. Larsen, engineer in charge of tractor tests, ay icultural 
engineering dept., College of Agriculture, Lincoln 1, Neb. ( Associate 
to Member) 


Charles E. Rice, agricultural engineer, Soil Conservation Service, 
USDA. (Mail) P. O. Box 210, Palestine, Tex. (Junior Mcmber te 
Member) 


Joe. B. Richardson, associate professor of agricultural ens ‘neering, 
Clemson Agricultural College, Clemson, S. C. (Junior Member to 
Member) 


Glenn E. Saha, agricultural sales engineer, Baldwin-Duckwoerth Div., 
Chain Belt Co., 309 Plainfield St., Springfield 2, Mass. (Junior Mem- 
ber to Member) 


Samuel J. Strebin, chief, soil survey section, Departamento de Eda- 
fologia, Instituto Experimental De Agricultura Y Zootecnia, |! Valle, 
Caracas, Venezuela. (Junior Member to Member). 
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The new John Deere Automatic pact construction assures years of 
a Baler is a farmer’s dream come true. __ satisfactory service. 


It picks up hay or straw from the The John Deere Automatic Baler 


Department 


| Member) windrow, bales it, and ties the bales makes haying a faster, easier, more 
ord securely with wire. One man bosses __ profitable job. It is one of many new 
the whole job from the tractor seat. John Deere developments that promise 

agricultural . 
( Associate The windrow is fed directly intothe * brighter future for farmers every- 
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Cultivation of Narrow Row Crops... 


Powered by a single cylinder, Wisconsin Air-Cooled Engine, the 
Tillivator (made by Ariens Co., Brillion, Wis.,) completely cuts and 
chops weeds, preventing them from growing again. Fully adjust- 
able both for row widths and depth control. 


This is another typical example of the effective application of 
Wisconsin Engine Power to the needs of agriculture. Wisconsin 
Air-Cooled Engines are available in single cylinder and V-type 
4-cylinder models, in a power range of 2 to 30 hp. 


Detailed data on request. 


; 


IR 


; Geet poration 
MILWAUKEE 14, WISCONSIN, U. S. A. 


ufacturers of mobile farm equipment 
the full benefits of our capacity for 
designing, testing and producing 
wheels capable of satisfying, in full, 
the actual demands of any given 
range of field service. In many in- 
stances it may be possible to utilize 
STANDARD WHEELS and HUBS — 
thereby achieving economies and 
avoiding delays. 


Send Your Wheel Problems to Us 


FRENCH & HECHT 
DIVISION 
KELSEY-HAYES WHEEL COMPANY 


DAVENPORT 


7% 


—=—=—= 
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Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne! 
Service at its headquarters office in St. Joseph, Michigan, as a clearip 
house (not a placement bureau) for putting agricultural engincers Seek. 
ing employment or change of employment in touch with possib!> employ. 
ers of their services, and vice versa. The service is rendere. withou 
charge, and information on how to use it will be furnished by the Society 
The Society does not investigate or guarantee the representat) ng made 
by parties listed. This bulletin contains the active listing of © Position 
Open’’ and ‘Positions Wanted’’ on file at the Society’s office, ang in- 
formation on each in the form of separate mimeographed sh-ets, may 
be had on request. ‘‘Agricultural Engineer’’ as used in thes: listings, 
is not intended to imply any specific level of proficiency, or rezistratio, 
or license as a professional engineer. 


Nore: In this Bulletin the following listings still current and previ- 
ously reported are not repeated in detail. For further information se 
the issue of AGRICULTURAL ENGINEERING indicated. 

Attention is invited to the desirability of checking on th 


_ At ited I housin, 
situation when considering a new location. 


PosITlONs OPEN: MAY—O-499, 503. JUNE—O-506. A\GUST— 
O-510, 511. SEPTEMBER—O-516, 520, 521. NOVEMBER —O.5?; 
DECEMBER—O-526, 527, 531, 532. JANUARY—O-535. FEBRI. 
ARY—O-540, 541, 542. 


PosITIONS WANTED: FEBRUARY—W-207, 254. APRII—W-232 
237, 240, 276, 292. MAY—W-309, 312. JUNE—W-316, 520, 322, 
SEPTEMBER—W-337. NOVEMBER—W-355, 356, 358, %59. DE. 
CEMBER—W-361, 363, 365, 367. FEBRUARY—W-371, 373, 374. 


POSITIONS OPEN 


AGRICULTURAL ENGINEER (instructor or assistant Professor) for 
full time teaching, and possibly some research, in farm machinery, in 
southeastern land grant university. BS deg in agricultural engineering. 
Usual personal qualifications for college teaching. Nine months basis. 
Additional pay if summer teaching required. $3000. O-543 


AGRICULTURAL ENGINEER, for extension work with REA line 
man on safety and job training, in north central state. BS deg in 


agricultural engineering, with good foundation in rural electrification. | 


Experience in rural electric line building desirable. $3300 — $3900, de- 
pending on qualifications. O-544 


AGRICULTURAL ENGINEER, for laboratory and field testing of 
all forms of farm implements, by large distributor. Location, Chicago 
or vicinity. BS deg in agricultural engineering. Four or five years in 
testing all forms of farm implements, and preferably some experience 
in its design and production. Age, 30-35. Salary open. O-545 


AGRICULTURAL ENGINEER, for design and development of agri- 
cultural implements and related items, with manufacturer in North 
Central area. BS or MS deg in agricultural engineering. !©xperience 
will be given consideration. Good opportunity for advancement. Age, 
24-35. Salary open. O-546 


AGRICULTURAL ENGINEER for designing steel farm structures 
related equipment, packing and marketing buildings, livestock show and 
sale facilities, freezer locker plants, and grain elevators. BS deg in 
agricultural, civil, or architectural engineering, specializing in struc- 
tures. Previous drafting experience desirable. Good opportunity for ad- 
vancement. Age, under 30. Salary $255 mon (min.) O-547 


AGRICULTURAL ENGINEERS (3) for extension work in agricul- 
tural engineering in a district of 4 to 6 counties, in a northeastern 
state. BS deg in agricultural engineering, or in agriculture with a major 
in agricultural engineering. Farm background, teaching ability, ability 
to meet people and gain their confidence. Opportunity for advancement 
in either the extension service or the department of agricu!tural en- 
gineering. Salary open. O-548 


POSITIONS WANTED 


AGRICULTURAL ENGINEER desires work in power and machinery 
or rural electrification field. BS deg in agricultural engineering. Virginia 
Polytechnic Institute, expected March 1947. Farm background. En- 


listed and commissioned war service in Corps of Engineers. N. physical 

defects. Available April 1. Single. Age 24. Salary open. \\-375 
AGRICULTURAL ENGINEER desires research in public service, 0° 

private industry; or college teaching or extension work. BS de. in agri 


gineering, 
ersity o! 
nment of 
wo weeks 


culture, Bombay University, 1942. MS deg in agricultural e: 
Michigan State College, 1946. Experience in teaching, Uni 
Bombay, six months; agricultural administrative work, Gove: 
India, twenty-one months. No physical defects. Available on 
notice. Single. Age 25. Salary open. W-377 


AGRICULTURAL ENGINEER desires work in research «+ desig. 
in farm machinery. BS deg in agricultural engineering, Karsas State 
College, 1943. One semester of graduate work. Commissione: war Sel 
vice in Army Ordnance. Nine months experience in experime)tal shop. 
materials engineering, and research with farm equipment mar :facturer. 
No physical defects. Available one month after acceptance Married 
Age 26. Salary open. W-378 


AGRICULTURAL ENGINEER desires design work with ‘arm ma 
chinery manufacturer. BS deg in agricultural engineering, University 
of Saskatchewan, expected May 1947. Farm background an summer 
experience in shipyard, as tractor operator on experimental {irm, and 
in repair department of farm machinery manufacturer. No physical de- 
fects. Available July 1. Single. Age 23. Salary open. W-5'9 


AGRICULTURAL ENGINEER desires development work in power 
and machinery or soil and water field, in private industry. 5S deg in 
agriculture (major in agricultural engineering). Ohio State University, 
1942. Farm background, enlisted and commissioned experien:e, Amy 
Air Corps, work in school ground maintenance, landscape cc ntracting, 
and test engineering. No physical defects. Available March 30. Mar- 
ried. Age 28. Salary $275 per month. W-380 


(Continued on page 128 
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59. DER 
Farmers have long depended on 
GALVANIZING (ZINC-COATING) to 


373, 374. 


ofessor) for By 
achinery, in 
engineering. 


ynths basis. FF . 

, protect iron and steel surfaces 
REA line- 

BS deg in ss " 
etritiatin ( against costly rust. They know zinc 


1 testing of 
on, Chicago 
ive years in 
> experience 
45 


gives double-protection—both by the 


coating itself and thru’ electro-chemi- 


ent of agri- 
r in North 
Experience 
ment. Age, 


cal rust-retarding action between the 


zinc and the surface it covers. As 


} structures 
*k show and 

BS deg in e . . 
gi ste long as iron or steel is coated with 
1 aeticue zinc, it cannot rust. The heavier the 
wit h a aan i > 
ance coating, the longer the protection. For 
icultural en- 

metal surfaces on the farm ... it’s the 

ire zinc that stops the rust! 
'N "physical 

bien The ‘'Seal of Quality'’, 
a pre’ shown below is the farmer's 


guide to economy in buying 
galvanized sheets. Sheets 


bearing this Seal carry at 
least 2 oz. of Zinc per 
FREE BOOKLETS = xtc 
WRITE TODAY for these valuable booklets: (1) Re- 
pair Manual on Galvanized Roofing and Siding 
(2) Facts About Galvanized Sheets (3) Use Metallic 
Zinc Paint to Protect Metal Surfaces. 
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PROFESSIONAL DIRECTORY 


Sc TTT IITIMIIUIM LMM ML LUM LLCO LATER CCU 


GEORGE R. SHIER ROBT. J. McCALL 


Professional Agricultural Engineering Services 


Structures, Ventilation, Drying, Machinery Deve! opmen; 
-and Sales Consultation, Engineering Design 


Members A.S.A.E. Room 705, 8 E. Broad St., Columbus 15, Ohio 


NMRA 


Protecting Crops, Machinery, ‘Homes 


| 
/ 
S| 
P| 


GRAIN STORAGE 


——__ 
——_—— 


RESIDENTIAL 
CONSTRUCTION 


PORTABLE SILOS 


FRANK J. ZINK ASSOCIATES 
Agricultural Engineers 
Consultants on product development, designs, r-search, 
market research, public relations 


FELLOW A.S.A - Suite 4300, Board of ‘rade Bidg. 
MEMBER S.A.E. Telephone: Harrison 0723 Chicago 4, Illinois 


COVER MACHINERY tRUCK AND WAGON 
COVERING 


RATES: Announcements under the heading ‘‘Professional Directory” 
AGRICULTURAL ENGINEERING will be inserted at the ‘lat rate of 

es .. $1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini. 

= tt Je * A — mum charge, four-line basis. Uniform style setup. Copy must be r. 

: 5 SS wien -~ UU ceived by first of month of publication. 

COVER CRIBS = COVER BINDER CANVAS PROTECT 


CONCRETE 

On farms — like any other business — every dollar saved is PERSONNEL SERVICE BULLETIN 
that much profit. Wind, rain, sleet, snow — exposure of every aiid sie 
kind — can do much damage to harvested crops, machinery, (Continued from page 126) 
buildings. With Sisalkraft much of this loss can be avoided. AGRICULTURAL ENGINEER desires sales, service, or public rela- 

5 aa st ” tions work in farm machinery field. BS deg in agricultural engineering, 
Sisalkraft is ideal for temporary silos — emergency storage Michigan State College, 1946. Farm background, enlisted service in 
of grain — covering hay stacks — protecting machinery — Army Air Corps, and three months training with farm machinery manu- 
curing concrete — lining poultry houses — protecting the facturer. No physical defects. Married. Age 28. Salary $3000. W-381 
home — plus many other uses. Costs little. Tough tear- AGRICULTURAL ENGINEER desires sales work with private com- 

° ‘ - : ° pany serving agriculture. BS deg in agricultural engineering, lowa State 
i resistant, and waterproof. Can be used again and again. 


College, 1941. Farm background; one year executive training with farm 
equipment manufacturer; commissioned naval war service mostly as 
Sisalkraft is sold through lum- chief engineer of 55,000-hp destroyer power plant; 15 months writing 9 
ber dealers everywhere. Write technical overhaul and service manuals on farm tractors for manufac- 
for folders on Sisalkraft’s many turer. No physical defects. Married. Age 28. Salary $3600. W-382 
farm uses. 
bevel 


SISALKRAFT, FIBREEN, New Federal and State Bulletins 


“Labor - Saving Equipment from Your Own Farm Shop” is the 
title of a series of farm-built plans prepared by R. S. Knight, extension 
agricultural engineer, Kansas State College. Numbers and titles of the 
series so far issued are as follows: (1) Tractor Mounted Post Hole 
Digger, (2) Stock Trailer, (3) Portable Grain Blower, (4) Home- 
made Bulldozer, (5) Fence Roller, (6) Rear-Mounted Post Hole Digger, 
(7) Ensilage Spreader, (8) Fertilizer Spreader, (9) Stalk Cutter, (10) 
Power Tractor Hoists, (11) Grain Trailer, (12) Manure Loader (Hy- 
draulic Type), (13) Manure Loader, (14) Two-Wheel Power Tilting 
Trailer, (15) Roller-Packer, (16) Lightweight Hay Elevator, (17) 
Portable Hay Elevator, (18) Combination Hay and Grain Elevator, 
(19) Implement Trailer, (20) Tractor Buzz Saw, (21) Rear-Mounted 
Tractor Hay Buck, (22) Transport Type Auto Hay Buck, (23) Tractor 
Buzz Saw (Rolling Table), (24) Tractor Buck Rake, (25) Auto Hay 
Buck, (26) Auger Grain Elevator, (27) Post Hole Digger on Loader 
Frame, (28) Bulldozer Blade for Manure Loader, (29) Light Two: 
Wheeled Flat Bed Trailer, (30) Combine Tank Grain Trailer, (31) 
Sweet Clover Windrower, (32) Truck-Mounted Grain Blower, (33) 
Four-Wheeled Trailer (Wagon Steering), (34) Four-Wheel Trailer 
(Auto Steering), (35) Portable Welder, (36) Combine Platform Lift, 
(37) Air Compressor, (38) Purebred Cattle Stocks, (39) Bale Pickup, 
(40) Field Ensilage Cutter. 


“Management and Housing of Dairy Herd Sires’, of which M. G. 
Huber and Dale E. Kirk, respectively extension agricultu:.! engineer 
and assistant agricultural engineer in the experiment statio., are au- 
thors, is the title of Extension Bulletin 661 issued by the O:cgon State 
College. 


Carl Berklund 
Madison, S. D. 


With the Help of GOOD FENCES 


“Corn yielded only 30 bushels per acre when we moved on 
this farm 49 years ago. But after fencing the farm with woven 
wire, adding clover pasture to the rotation, and stocking the 
farm, crop yields began to improve. Last year, corn averaged 
well over 60 bushels per acre. The extra livestock we can 
now raise brings in a good income, too. 


“We have found that rotated clover pas- 
ture and plenty of livestock is a practical 
way to build up the soil—and it helps cut 
down on fertilizer expense. All this would 
be impossible without good fences.” 


KEYSTONE STEEL & WIRE CO. 


PEORIA 7, ILLINOIS 


“Making and Feeding Grass and Legume Silage’ by M. G. Huber, 
extension agricultural engineer, is the title of Bulletin 669 issued by 
Oregon State College. 


“Septic Tanks” by M. G. Huber, extension agricultur.! engineet, 
is the title of Bulletin 670 issued by Oregon State College. 


“Fire Fighting on Farms’, by A. T. Holman, U. S. Dep rtment of 
Agriculture Miscellaneous Publication No. 612. October, 1946 


st . Forced Ventilation of Stored Vegeta les 
Ss ‘ae RED BRAND Fence ence T THE Ohio Agricultural Experiment Station an exploratory test 
« pt Ge , 
Hi 


00 made, with 
RED TOP STEEL POSTS for aerating a large pile of turnips (2300 bu) was 


a blower arrangement similar to that used for drying hay in the mow. 
There was no difficulty in preventing an undue rise in temperature in 
the pile, although free circulation of air was interferred with in spots 
by earth and trash. The experience indicates the feasibility of storing 
root crops in large piles. 
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